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B. Notice of thk Crustacea collkcted by Pkof. (.'. F. Hartt 
ON the coast of Brazil in 1807. By Sidney I. Smitu. 



Read, May Idtli, 18G9. 



In tho fin»t volume of these Transactions, Prof. Verrill has noticed 
the Uadiata of the collection made by Prof. Hartt upon the coast of 
Brazil durinc: the summer of 1867, and the Crustacea of the same col- 
lection, havin<]f been submitted to me for examination, was found to 
contain so many species new to the Brazilian fauna that the publica- 
tion of the following list seemed desirable. 

The collection, although quite small in numl>er of specimens and 
representing only the higher groups of the class, is interesting from 
the large pi-oportion which it contains of species heretofore known 
only from the West Indies or Flordia. This is, perhaps, due chiefly 
to the fact that most of the collections brought from Brazil have been 
ma<le at li'io <le Janeiro where there are no coral reefs, while Prof. 
IFartt's collection was made principally on the rocky and reef-bearing 
parts of the coast. 

BRACHYURA. 
Milnia bicomuta Stinipson. 

Pisa hkornufa Latrcille, l^iiicyclopedio methodiquc, tome x, p. 141 {teste Edwards). 
PeriC'Ta hicfmta Kdward)*, Histoirc naturoUe do8 Crustaces, tome i, p. 337, 1834. 
Pisa hiorna (libljcs, On the CamnoK»gi«il Collccti(»ns of the United States, Pro- 

ceodinj^s American Association, 3d Meeting, p. 170, 1850. 
Periora bicornis Saussuro, Onistacijd nonvoaux des Antilles ot du Mexiquc, p. 12, 

pi. 1, fi^. 3, 1858. 
Milnia biriirnuta Stirnpson, Notes on North American Crustiicea, Annals Lyceum 

Nat Hist., New York, voL vii, p. 180, 1860. 

A single specimen collect e< I at the Keefs of the Abrolhos docs not 
differ from Beniiuda, Florida and Aspinwall specimens. 

Mithraculus coronatus stunpson. 

6'anrer con/natus Uerbst, Naturgeschichte der Krahben und Krebse, Band i, p. 184, 

Tab. 11, fipr. 03, 1782, and Cancer Coryphv, Band iii, ZTi'ej'tos Heft, p. 8, 1801. 
Mithraculua coronatus (pars) White?, List of Crust in the British Museum, p. 7, 1847. 

TRAK& CoNNKCnOUT ACAD., VOL. XL 1 JuLY, 1869. 



2 S. I, S?nith on Braz'dian Crustacea. 

Hi%rarulu8 coroiuttus Stimpson, Amoricm Joumnl Sci., 2(1 sorio?, vol. xxix, 1 860, 
p. 132; ADnals Ljc, Nat Hist., New York, vol. vii, p. 18G, 1860. 

Two females of this si>ecies were collected by Prof. Ilaitt at the 
Reefs of the Abrolhos. They do not ditfer perceptibly from ^V spin- 
wall specimens. 

The two specimens give the following measurement : — 

liCngth of carapax, 12-8'nn» Breadth of carapax, 17'6™"» Ratio, 1 : 1*37 
" " " 17-2 " *• " 23-i " 1:1 -36 

The differences pointed out by Stimpson at once distinguish this 
species from 3f. scuIptuSy but White cites the figures of l>oth species 
under his Mithraeulus coronatuSy so that it is not possible, without 
an examination of his specimens, to tell which species lie had in view\ 

Mithrax hispidus Edwards. 

Cancer hi^pidus Herbat, op. cit., Band i, p. 247, Tab. 18, fijf. 100, 1782. 

Mithrax hUpidus Kdwards, Ma.^asln do Zoolo-j^io, 2-aDnL'e, 1832; Ilistorie natiircllo 
do3 Crust., tomo i, p. 322, 1834; DoKay, Zt)oloj,'yof New York, Crust., p. 4, 1814 ; 
Gibbcs, loo. cit, p. 172; Stimpson, American Journal Sc-i., 2d series, vol. xxix, 
1860, p. 132; Annals Lye. Nat. llist.. Now York, vol. vii, p. 180, 18G0. 

Several specimens collected at the Reefs of the Abrolhos apcree well 
with Edwards' and Stimpson's descriptions of this species. Tlie cara- 
pax is wholly naked above, the elevations anteriorly are smooth and 
polished, and there are no spines or prominent tubercles on the median 
regions. There are two small tubercles just at the base of the frontal 
teeth, and two more just behind these on the anterior lobes of the 
gastric region ; there are also traces of two tubercles on each of the 
antero-lateral gastric lobes, and several small tuberculiform elevations 
on the hepatic and branchial regions near the antero-lateral margin. 
The external angle of the orbit forms an obtuse tooth not projecting 
so fiir forward as the external lobe of the inferior maririn ; the sue- 
ceeding tooth of the antero-lateral margin (the second normal) is quite 
small and obtuse, but the three remaining teetli are spinifonn, slender 
and curved forward ; in addition, there is a very small tooth just be- 
hind the posterior spine of the antero-lateral margin. 

Several specimens give the following measurements : — 



Sex. 


Length of earapax. 


Breadth of cnrapax 
Including MplnvB. 


Katie. 


Male. 


IS-Smm 


IS'Omn* 


1: 110 


it 


18-9 


22-7 


1 : 1-20 


Female. 


13-4 


15-4 


1 : 115 


u 


15-4 


180 


1 : 117 
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Xantho denticulata white. 

X'lniho fUnHo^xWi yi^\\\i2. List of Crust, in the British Miisonm, p. 17 (no descrip. 
tion), 1847; Annals an«l Mag. Xat. Hist., 2il scries, vol. ii, p. 285 (X. dunticulitaa)^ 
1818 (rum Slinipson); Smith, Proc. Boston Roc. Xat Hist., vol. xii, p. 274, 1869. 

.\ sin^^le specimen collected Jit tlie Reofs of tho Abrolhos does not 
differ from specimens from Hermiida and Aspinwall. 

It scemes to be an uncommon species as it is not mentioned by Dana, 
Gibbes, or Stimpson, and I have only seen a single one from each of 
tho localities mentioned. 

Chlorodius Floridanus Oihbcs. 

Chhrodhi'i F1oridanvsCi\hho9^\oc. cit, p. 175, ISfiO; Stimpson, Annals Lye. Nat. 
Tlist., New York, vol vii, p. 209. 

Several specimens, not differing pcrcei)tibly from those from Florida 
and Aspinwall, were collected at the Reefs of the Abrolhos. 
Three specimens give the following measurements : — 

Sex. Length of carapax. Breadth of carapax. Ratio. 

Male. 20-8mm 33-8mn» 1 : 1*62 

Female. 156 238 1 ; 1-53 

" 18-4 29-4 1 : 1*60 

PanopeUS politUS Smith, loc. cit, p. 282, 1869. 

Plate I, figure 4. 

This species is allied to P, transversus Stimpson, and resembles 
somewhat the crenatus of Edwards and Lucas. 

The carapax is entirely naked above, l)road, moderately convex in 
two directions, slightly granulous and uneven on the front and along 
the anterolateral border, but smooth and highly polished on the median 
regions and posteriorly. Tlie regions are slightly but distinctlj;^ indi- 
cated. The gastric region is surrounded by a well marked sulcus, but 
its lobes are not distinctly indicated except the anterior extremity of 
the meilian, which is slender and acutely pointed ; the frontal lobes 
are indicated by slight prominences. The hepatic region is not divided, 
but there are one or two slight plications on its anterior part parallel 
to the anterolateral margin. The cervical suture is distinct in its 
outer portion but is not indicated near the gastric region. The median 
and posterior lobes of the branchial region are separated by a distinct 
depression. The front is strongly deflexed, the edge somewhat bev- 
eled from above and four-lobed ; the median lobes are very broad, 
project prominently and are separated by a sharp notch ; the lateral 
lobes project as small narrow teeth. The antero-lateral margin is di- 
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vided by small notches into four lobes, the first of wliich is composed 
of the angle of the orbit coalesced with the second normal tooth ; the 
first lobe is broad, its edge sliglitly concave and projecting a little at 
the angle of the orbit; tlie second and third lobes are broad and trun- 
cate ; the fourtli lobe is small and obtuse and forms the lateral angle 
of the carapax. From each of the notches slight sulci extend a little 
way back upon the carapax. 

Beneath, the edge of the front is thin, projects obliquely <l()wnward 
and is not expande<l in front of the antennuhv. The epistonie is smooth, 
and its labial border has a prominent median lobe and a slight incision 
each side. The external maxillipeds are smooth ; the merus is quadri- 
lateral, its outer edge not projecting, and the antero-exterior angle 
rounded. The inferior margin of the or})it is divided into two lobes 
by a broad and shallow siinis ; the inner lobe forming a prominent 
tooth which projects as far forward as the latera! lobe of the front, and 
the outer lobe broad and slightly prominent. T\\q external hiatus of 
the orbit is rather broad and shallow. The sul)-orl)ital and sub-liepa- 
tic regions are quite granulous. Tlie tubercle beneath the anterior lobe 
of the antero-lateral margin is depressed, forming only a slight granu- 
lous prominence. The sub-brancliial region is somewhat hairy. The 
female abdomen is broadly ovate, the greatest breadth being at the 
fourth segment. 

Tlie chelipeds are slightly unequal, the cai*i)i and hands smooth and 
evenly rounded above and on the outside. The hands are stout, the 
fingers obscurely marked with longitudinal impressed lines, and irreg- 
ularly toothed within, and in the dactyl us of the larger hand there is 
a promhient cylindrical tooth at the base. Tiie ambulatory legs are 
smooth and nearly naked except a close pubescence upon the dactyli, 
penultimate segments, and slightly on the carpi. 

In an alcoholic specimen the color is light brown above, tinged with 
bluish purple on the anterior part of the carapax and the upper side 
of the chelii)ed8. The fingei-s are black, lighter at the tips, and the 
black not spreading upon the palm. 

Length of carapax in the single female specimen, 13-8™™ ; breadth, 
21*4 : ratio of length to breadth, 1 : 1-56. 

Collected at the Reefs of the Abrolhos. 

ITie P. transveram Stimpson (Annals Lye Nat. Hist., New York, 
vol vii, p. 210, 1860) of the west coast of (-entral America, differs 
from this species in having tlie carapax much less distinctly areolated, 
more regularly oval in outline and smoother and more evenly convex 
above. The front also projects much less prominently ; the antero lat- 
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eral margin is smootli and even and the lobes separated by very slight 
incisions, and tlie edge of the first lobe is slightly convex and docs not 
project at the angle of the orbit ; there is no noticeable depression be- 
tween the median and posterior lobes of the branchial region ; the in- 
ferior margin of the orbit is divided by a very slight sinus, and the 
inner lobe is not at all prominent ; and finally, the external maxilli- 
peds are slightly granulated. The color of alcoholic specimens is quite 
different, being dark slate-brown on the upper side of the carapax and 
cheH])eds. 

The P. crcnntus of Edwards and Lucas is a much smoother species 
than the pollfits, the regions being scarcely at all defined and the car- 
apax almost perfectly smooth along the front and antero-lateral bor- 
der. The front is not doflexed, its edge is nearly straight, and beneath 
it is expanded horizontally in front of the antennuho ; the sub-orbital 
and sub-hepatic regions are quite smooth, and there is no tubercle be- 
neath the first lobe of the antero-lateral margin ; and finally, the an- 
tero-exterior angle of the merus of the external maxillipeds projectR 
laterally somewhat beyond the lateral margin and is broadly rounded.* 

PanopeuS Harttii Smith, lot*, cit., p. 280, 1869. 

Plate I, figure 6. 

Tlie carapax is clothed with scattered hairs along the borders, is 
broadest at the ])enultimate teeth of the antero-lateral margins, con 
vex anteriorly but flattened behind, and coarsely granulous on the 
front an<l along the lateral borders, but nearly smooth on the median 
and posterior regions. The gastric region is surrounded by a very 
deep sulcus, which is particularly marked posteriorly next the cardiac 
and the j)osterior part of the branchial region ; its median lobe is sep- 
arated from the antero-lateral lobes by a slight but di^tinct sulcus ; 
and the anterior lobes are prominent and marked anteriorly by a sliarp 
plication. The hepatic region is prominent, somewhat projecting and 
bears a transverae, granulous ridge. The cervical suture is very 
marked and extends as a broad depression quite to the gastric region. 
The median anrl posterior lobes of the branchial region are separated 
by a slight de[)ression. The front is very much deflexed and the edge 



♦ The fl^uru of the fjKMal rt^gion of this spociea jriveu in the V(.>yage daria VArrUrique 
Aft'ridionaU (pL 8, fij,'. 1 •) improperly reprosentrf the external muxillipeds with this an- 
gle tnincate and not at aU produced laterally. 



6 aS'. I, Siaith on BrazUian Crustacea. 

thin and four lobcd ; the median lohcs are very much the laro-est, are 
evenly rounded, and a little more prominent tJian the lateral, which 
project as small obtusely triangular teetli. Tlie supenor margin of 
the orbit is broken by two incisions leaving the margin between them 
projecting as a slight, rounded lobe. The post-orbital tooth is short 
and slender, and is separated from the second tooth of the antero- 
lateral margin by a broad sinus whicJi breaks the margin completely. 
The ri?maining teeth of the antero-lateral margin are triangular in form, 
much thickened vertically, and separated by quite broad sinuses, and 
the posterior two on each side are very slender and of nearly equal 
prominence. 

Beneath, the edge of the front is thin and projects sharply down- 
ward. The epistome is smooth and its labial border has a small lobe 
in the middle, a slight notch each side and another at each angle of 
the buccal area. The external maxillipeds are smooth except the me- 
rus, which is slightly granulated and also has the antero-exterior angle 
very slightly produced laterally and not at all rounded. The interior 
margin of the orbit is protninent and divided into two lobes by a <leep 
and narrow sinus; the inner lobe forms a stout tooth which projects 
as far forward as the inner angle of the su])erior margin ; the outer 
lobe is broad and its exterior angle projects slightly in advance of tlie 
post-orbital tooth. The external hiatus of the orbit is a deep trian- 
gular notch. In one specimen, however, it is wholly closed on one 
side, possibly from some accident. The sub-orbital and sub-hepatic 
regions are quite coarsely graimlous. The tubercle of the sub-hepatic 
region fonns a slight granulous prominence just beneath the post-or- 
bital tooth. The sub-branchial region is jnibescent and slightly gran- 
ulous. In the male, the sternum L^t smooth and the abdomen tpiite 
narrow, being narrowest at the penultimate segment, and the terminal 
segment is about five-sixths as long as broad, and its extremity evenly 
rounded. In the female the abdomen is broadly ovate, the greatest 
breadth being at the fourth sei^ment. 

The chelipeds are a little unequal. The carpi are granular-rugose 
externally and have a deep groove along the outer margin next the 
articulation with the hand. ITie hands are slightly rugose above, and 
the lingers are slender, deflexed, marked with slight, impressed longi- 
tudinal lines and slightly and obtusely toothed within, and the dacty- 
lus in the larger hand usually has a stout tooth at the base. The 
ambulatory legs are slender, and pubescent along the edges of all the 
segments and over the whole surface of tlie dactylL 
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Alcoholic specimens :ire light olive brown ubove and on the chelipeds. 
ITie fin<4ors are black, lighter at the tips, and the black not spreading 
upon the palm. 

Several specimt'na give the following measurements : 

Sox. LcDii'Ui of carapux. Brcndth of carapax. Ratio. 

Male. 150n»m 22-5mm i ; 1-50 

" 15-9 23-6 1 : 1-49 

Female. 9*6 14*4 1 : 1-50 

" 12-6 18-8 1:1-49 

Seven specimens were collected by Prof. Hartt at the Reefs of the 
Abrollios. 

This species is very distinct from all other described species of the 
genus. Its l>road and deeply areolated carapax give it somewhat the 
as[)ect of a Chlorodiiis, 

Eriphia gonagra rewards. 

Cancer fjonctgraVixhnvm^^ Supplement mii Kntomolojfiie Byatomaticjc, p. 337, 1798. 
Eriphia gonngra Kilwanlr", lliatoire iiaturelle dea CriLst., tome i, p. 426, pi. IG, fig. 

16,17, 18.34; Annales (les Soieiices naturellop, 3»>" sitic, tome xvi, 1851, pi. 8, 

fijj. 10 ; While, Lint of CniBt. in the British Museum, p. 22 ; GibboH, loc. clt, p. 177 ; 

Dana. Tnited Stiites Kxi)lorin;j: Kxpodillon, Oust, p. 250; Stinipson, Annals Lye. 

Nat. lIiKt., New York, vol, vii, p. 217 ; Heller, Reiaoder ostcireichischen Fregatte 

Novara uni die f^rdo, p. 24, 1865. 

A large niimher of specimens are in the collection, all of tliem ob- 
tained at the Reefs of the Ahrolhos. It seems to be a common species 
from southern Florida to Rio de Janeiro. 

A number of specimens give the following measurements: 



Sex. 
Male. 


Length ot carapax. 
17'2nim 


Dreadth of rarapnz 
Including BplneA. 

24 8n»ni 


Ratio. 
1 : I 41 


u 


24-0 




34-5 


1 : 1-44 


II 


25-6 




36-8 


I : 1-44 


it 


26-8 




37-8 


1 : 1-41 


(t 


30-8 




43-5 


1 : 1-41 


Female. 


17-6 




25-7 


1 : 1-46 


tt 


19-6 




28-2 


1: 1-44 


t( 


230 




33-2 


1 : 1-44 


t( 


28-2 




41-3 


1: 1-46 



Callinectes Danae Suuth. 

Lupa diarantha Dana, United Sttttcs Kxploring Expedition, Crust., p. 272, pL 16, 
liff. 7, 1852. 

Caltinectes diacanthus Ordway, Monograph of the genus Callinectes, Boston Journal 
Nat. Hist., vol vii, ]>. 575, 1863. {N^on Porfunvs diacanthiis Latreille, nee Lupa 
diacantha Kdwanls, nee Callinectes diacanthus Stimpson.) 





8ox. 


Penianibuco. 


Male 


it 


(i 



IncladlDK Iati>ral gplnc. 


Ratio. 


93-Oniin 


1 : 2-22 


97-4 


1 : 2-20 


lOC-5 


1 : 2-2G 


91-0 


1 : 217 


94-8 


1 :2-12 


760 


1: 2-21 
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A number of specimens which agree perfectly with the desciiption 
of this species given by OrJway, were collected at Pernambuco by 
Prof: Hartt. 

A single female from Bahia does not differ from the Pernambuco 
specimens except in having the 8ul)-mcdian tooth of the front very 
short, scarcely projecting beyond the median teeth — probably an acci- 
dental character. 

Several sj)eciniens give the foUowiiig measurements : — 

l^nKth of carap.ix Brciidth of oarapox 

Includlnir Hab-lVonlal iplnc. 

4l-9mui 

44-3 

47-2 

" Foinalo. 41-8 

" 44-8 

Baliia. " 34*4 

Tliis Species was known to Ordway only from Dana's original spe- 
cimen collected at Kio de Janeiro. 

CallinecteS OmatUS Onlway, loc. dt, p. 57l, 1863. 

A male specimen collected at Caravellas agrees perfectly with Ord- 
way"'8 description and with a specimen from Beimuda. 

Length of carapax including sub-frontal spine, 30 "2°*"* ; breadth of 
carapax including lateral spines, 80*5™" ; ratio of length to brea<lth, 
1 : i>-22. 

A sterile female collected at the same locality may belong to this 
species. It differs from tlie male in being tliicker and more convex, 
the areolation more strongly marked, and the gnuiulations coarser ; 
the teeth of the antero-lateral border are less prominent and more ob- 
tuse ; and the clielipeds are quite short, the merus not reaching, by 
considerable, the tip of the lateral spine. 

Length of carapax, :U*6™™ ; breadth of carapax, Y5 ; ratio 1 : 2 14. 

In the deeply areolated carapax it approaches the larva fu^^ and it 
may possibly belong to that species. 

Tlie description and figure of Xeptuaua margmatus A. Kdwards* 
agrees very closely with tliis specimen, tlie figure of the abdomen and 
sternum representing it perfectly, and there can be little d».)ubt that 
Edwards' species was based on a sterile female of some species of 
CitlUnectes, If the habitat. Cote du Gabon ^ given by Edwards be 
correct, it is safely inferred that the genus Callinectes is not confined 
to the American coasts. 



♦Archives du Museum crHistoire naturelle, tome x, p. 318, pi. 30, fig. 2, 18G1. 
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The C, omatitA was previously known from South Carolina, Tortu- 
gas, Ilayti, an«l Cumana. 

Callinectes larvatus Ordway, loc. oit., p. 5:3, i863. 

One spei'imeu of this spe<ies, a male, was collected at J^ahia. It 
is very much like the Daiuv and the ornatvs in the carai)ax, etc., but 
differs remarkably in the male abdominal appendages of the first pair 
(intromittent or<j^ans), which are very short, directed inward till they 
cross and then the extremities curved abruptly outward. 

Leugth of cnrapax including suWVontal spine, ;3H'S'^'" ; breadth in- 
cluding hiteral spines, 8J-4""" ; ratio of length to breadth, 1 : 2-11. 

Ordway 's specimens were from Floiida, Bahama, and llayti. 

Achelous spinimanus Poiiaim. 

rortufifjs spiiiimanujf Latrfillc, Knoyc, t x, p. 188 (teste Kdwanls). 

L pa Hpinimana Leach, Dcsmarest, Considenitiona jrt'ntrales sur la class© des Crust., 
p. 08, 1825; I'M wards, IJistoirt- natim^lle dos Cnist., tome i, p. 452, 1834; Cjibbes, 
loo. cit., p. 17H; Dana, United SUitcH Kxplorinjr Koxpedition, (^rust., p. 273 ; Stimp- 
Hon, Annals Lye. Nat. Hist., Xow York, voL vii, p. 57. 

Adidous spinimanus, DelLian, Fauna Japoniea, p. 8, 1833 ; AVhito, I/ist of Cnist. in 
the Britisii Mns<^«um, p. 2S, 1847; StimpHon, Annals Lye. Nat. Hi»t., New York, 
vol. vii, p. 221, 1800; A. Ktlwards, Archives du Museum d'llistoire iiaturelle, 
tome X, p. 341, pL 32, fij(. 1, 18G1 ; IloUer, op. eit, p. 27. 

Three specimens, all females, collected at Bahia, give the following 
measurements : — 

LoMirth of cnrnpaz BroadUi of carnpax Ratio of 

luclutllnK f^oiiiHl U'cth. IncludluK lalvral iiplnes. length to breadth. 

370»nm 61 -5™™ 1 : 1-60 

4^t-4 77-4 1: 1*74 

5<;0 95-0 1 : 1-70 

All the specimens Iiave the lateral spine of the carapax nearly or 
quite twice as long as the one next in front of it. They appear to 
difter in no way from specimens from Floiida. 

Achelous Ordwayi Stimpson. 

Ach/ilofis Ordwayi Stimpson, Annals Lye. Nat Hist, Now York, vol. vii, p. 242, 1860. 
Xeptunus Ordwayi A. Kd^va^^ op. eit., addenda, 186i. 

A male specimen of this fine species was collected, \^dth the last, 
at Bahia. 

The carapax is narrower tlianin A. sphnmanus^ and the front more 
advanced. In areolation it resembles the sphiimnnuH very much, the 
elevations however are not quite so thickly granulated. The tectli of the 
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front are very lonix and slender, the len^rth of the median ones exceed- 
ing sliirlitly the distance between tlieir tips. Tlie teeth of the antero- 
lateral margin are much longer and slenderer tlian in sjnnhnanus, the 
posterior one (lateral spine) heing hut sliglitly longer, hi proi)ortion 
to the other teeth, tlian in that species. The chelipeds are slender 
and fully as long as in sphihiHinifs. Tlie ambulatory legs are long and 
very slender, those of the first two pairs extending nearly to tlie mid- 
dle of the dactyli of the chelipeds. 

Tlie stenium is convex in an antero-posterior direction, while in the 
spinimanua it is quite flat. In the male the terminal portion of the 
abdomen is narrowly triangular, the penultimate segment being quite 
narrow and its lateral margins straight or very slightly concave, wliilo 
in the sjnnimanvs it is broad and the lateral margins of the penulti- 
mate segment quite convex. 

Ilie male abdominal a])pendages of the first pair are very different 
in the two species. In both tliey are stout and separated by quite 
a broad space. In the spmhnann^i they reach beyond the middle of 
the penultimate segment of the abdomen, the thick basal portion curv- 
ing strongly inward from the base, the slenderer portion at first di- 
rected nearly straight forward, then curved strongly outward, and the 
tij)S inward again. In the Ordwayi they are much shorter, reaching 
but slightly beyond tlie antipenultimate segment of the abdomen, and 
have but a single curve, curving inward from the base, then outw^ard 
to the tip. 

Length of carapax in the single specimen, 37'0""" ; breadth of car- 
apax, 61-8"'"*; ratio of length to breadth, 1 : I •67; breadth excluding 
lateral spines, 48*0'""' ; ratio of length to this breadth, 1 : 1*20 ; greatest 
length of merus segments of chelipeds, srO"""; length of hand, light, 
4Y*2, left., 4Y'0"'"'. A male specimen of A, sphiininnrfs from Floiida 
gives the following : — length of carapax, 40-4""" ; breadth of carapax, 
60'6""" ; ratio of length to breadth, 1 : 1*72 ; breadth excluding spines, 
5Q.r,n.in . p.^^j^ ^f length to tliis breadth, 1 : 1-44. 

This si)ecies differs from the figure of N^itttinua a-uf^ta^us (A. Ed- 
wards, op. cit., p. 326, i)L 31, fig. 2) in having much longer chelipeds, 
the merus projecting much farther beyond the sides of the carapax, 
and the hands when folded in front la])ping by each other considerably. 
The teeth of the front and of the anterolateral margin are very much 
more slender and prominent than in his figure. And in the descrip- 
tion of the crufjttatm no mention is made of the smooth and highly 
iridescent spaces on the supero-exterior surface of the hand, which is 
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mentioned by Stinipson in his description of A. Ordicai/i, and is a 
very conspicuous character in tlio species. 

I have retained this species in the genus AcJielous of Dellaan in- 
stead of Neptuntis of tlie same author, because the narrow carapax, 
prominent front, and the form of tlie external maxillipeds and of the 
male abdomen ally it very closel y to the spinlmanns^ and, together 
with the narrow dactyli of the first three pairs of ambulatory legs, 
separate it widely from Neptiinus 2^€lagicuSy the tyj)e of the genus 
N<ej)titmi8. 

The length of the lateral sjnne of the carapax, which appears to 
have been A. Milne Edwards' ])nncipal character for separating these 
genera, seems to be of slight importance, and in the present case, if 
used alone, is scarcely sufficient for a specific disthiction. 

Stimpson's specimens of A. Ordwayi were from Florida and St. 
Thomas. 

Goniopsis cnientatus DeHaan. 

Canc'sr ruricola DcOecr, Meinoircs pour sen'ir a rhistoire dee Inscctcs, tomo vii, p. 

417, pL 25, 1778 (non Cancer ruricoUi h\\m6). 
Grapsus cruentatus Latrcille, Histoire (lea Cnist. et Insect'*, tomo vi, p. 70, 1803 ; Deo- 

marest, op. eit., p. 132; Edwards, Iliatoiro naturcllo des Cnist., tome ii, p. 85; 

Gibbcp, loc. cit., p. 181. 
Goniopsia cruentattia Dellaan, op. cit, p. 33, 1835 ; Edwards, Annalos dcs Sciences 

naturelles, 3°*^ eerie, tomo xx, 1853, p. 164, pi. 7, fig. 2; Stinipson, Proceedings 

Acad. Nut Sci., Pliiladeiphia, 1858, p. 101 ; Heller, op. cit, p. 43. 
Grapsus longipes Randall, Jouninl Acad. Nat Sci., Philad., vol. viii, p. 125, 1839. 
GonwpsU ruricola "White, List of Cnist. in the British Museum, p. 40, 1847 ; Saus- 

sure, op. cit, p. 30, i)l. 2, fij,'. 18, 1858. 
Goniograpsus cruentatus Dana, American Journal Sci., 2d scries, vol. xii, p. 285, 1851 ; 

United States Exploring Exi)edition, Cnist., p. 342, pi. 21, flg. 7, 1852. 

A single male of this beautiful species was collected at the Reefs of 
the Abrolhos. 

Cryptograpsus cirripes, sp. nov. 

Plate I, figure 3. 

The carapax above is granulous and naked The front as seen from 
above is nearly straight with only a slight median iin margin at ion. 
The orbits are broad, the margin slightly upturned and broken by a 
broad notch near the inner angle. The outer orbital teeth are long, 
acutely pointed, project straiglit forward, and the distance between 
their tips is nearly equal to two-thirds the breadth of the carapax. 
The succeeding teeth of the antero-lateral margin are prominent and 
acutely pointed, the third tooth much smaller than the others, and the 
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fourth or last tooth with a sUmkUt spiniform ti]) directed forward and 
upward and w^ith a sharp t^ranulated ridge extending from its base 
inward upon the branchial rogion and lU'arly parallel to the postero- 
lateral margin. The areolation is well pronounced and agrees in the 
main with C ant/nlatUM Dana. In the depression on each side just 
in front of the anterior lobe*^ of tlie branchial rejjcion there is a trans- 
verse line of three obscure, oval, smooth spots. From the small tooth 
in the jiostero-lateral margin, a short ridge extends backward just 
above and parallel to the margin as far as the lateral angle of the 
carapax. 

The chelipeds are stout and e<pial. Tlie merus is triangular and the 
angles granulous. The carpus, and the hand nearly to tJie tij)s of tlie 
fingei-s, are sharply gnmulous. The lingers are slender and their 
inner edges nearly straight and armed witJi regular rounded tubereu- 
liforin teetli. 

In the and)ulatorv lei^s the meral segments are granulous above 
and on the angles. The dactyli of the first three pairs are naked ex- 
cept a few hairs on tlie posterii»r edge at the base, slender, somewhat 
curved, smooth and deeply sulcate; tJiose of the posterior pair arc 
shorter, eomj»ri'ssi'd, and tJieir e<lges thickly clotJied with soft haire. 
In the first pair of legs the posterior edge of the propodus is clothed 
nearly its whole length with a brush of soft hair; in the second pair 
there is a similar brush but only on the terminal half; in tJie third 
pair it is wholly wanting, or represented only by a few h:iirs near the 
articulation with the dactylus. In the posterior pair of legs the edges 
of the dactylus, propodus and carpus are densely clothed with soft 
hair. 

nie male sternum is concave in a later.il direction, and the articula- 
tions between the scjcments of the abdomen are nearlv straight instead 
of curved as in C\ anffulatus. 

Length of carapax in a male, .^I'O""" ; breadth of cara[>ax, :?5-6""" ; 
ratio of length to breath, I : 115. Breadth betw^cen <Miter orbital 
teeth, 24-8"""; ratio of tJiis breath to breath of carapax between 
lateral teeth, 1 : 1-43. 

This species was not obtained by Prof. Ilartt. Tlie only specimens 
which 1 have seen are two males, in the collection of the Peabody 
Academy of S<-ience, Salem, Mass., l>rought from Kio <lc Janeiro by 
Capt. Harrington. 

The C. ctrripes difters from C, angidatus Dana (United States Ex- 
ploring Expedition, Crust., p. 352, pi. 22, fig. 0), from Rio Negro, 
Northern Patajjonia, and heretofore the only known species of the 
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genus, ill liaviiiij^ the front as seen from above nearly straii^ht instead 
of deeply bilobed, in the much greater breadth of the carapax between 
the outer orbital teeth — the ratio of tliis breadth to the breadth of the 
carapax between the lateral teeth being in C. ayii/ulatits^ 1 : I '68, — 
and in tbc ciliated ])Osterior legs. 

Uca cordata. 

Cancer ordatus Linno, Amoeiiitatos AcadomiciP, tome vi, p. 414, 17C3 ; Systoma 
Natiinc, cditio xii, touic i, p. 1039; llcrbst, o\). cit, Band i, p. 131, Tab. 6, tig. 38. 

Cancer uca Linno?, Systoma Natnne, editio xii, tome i, ]>. 1041. 

Uca loBrist Dana?, United States Exploring Kxpedition, Crust, p. 3T5. 

(Nim Uca una Gn'-rin, Iconogrsipliio du R«;gno iinimal, Cnist, pi. 5, tig. 3, nee Kd- 
wardfl, ITistoire nnturt'llo dos CruHt., U)mc ii, p. 22, et Regno auimul de Cuvicr, 
Smeedit, pL 19, fig. 1.) 

A single specimen of this species was obtaiiKMl by Prof. Ilartt at 
Bahia. Tliere are also specimens from Pam in the collection of the 
Pcabody Academy. All the specimens examined were males. 

The carapax is entirely naked and perfectly smooth above, very 
broad, the greatest breadth being much anterior to the middle, and 
very convex in an antero-posterior direction. The cervical suture 
is very distnictly indicated, especially in the middle of the carapax, 
where there is a broad depression on each side at the antero-lateral 
angle of the cardiac region. The gastric region is broad and flattened 
in the middle, the anten>lateral lobes are only indistinctly separated 
from the median, and the posterior portion is roundeil and slightly 
protuberant but is still lower than the branchial region. The cardiac 
region is very large, scarcely divided, and the posterior ])ortion ex- 
tends far back between the bases of the posterior ]»air of legs. The 
branchial regions are swollen, evenly rounded above and wholly un- 
divided, and the lateral margins arc very convex in the anterior por- 
tion and are indicated by a very slight denticulated ridge. The whole 
front is bordered by a isharply raised margin ; the median lobe pro- 
jects almost ])erj)cndicularly downward between the orl>its, and its 
margin is regularly curved. The orbits are very large, and the mar- 
gin is broken by a broad and deep hiatus on the lower side at the 
outer extremity, just over which the outer angle of the superior mar- 
gin j)rojects as a rounded lobe ; the inferior margin Is nearly straio-lit 
and is formed of two nearly parallel lidges, the inferior of which is 
armed with a line of small tubercles, and the superior is irregularly 
granulous. The inferior obital regions are perfectly smooth and sep- 
arated from the buccal area by deep sulci The inferior lateral re- 
gions are swollen and nearly smooth, there being oidy a few small 
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and scattered granules on the anterior portion near the inferior orbital 
reffion. On each side of the buccal area there is a hii^h rid<jje which 
is armed with a few small tubercles. 

The external maxillipeds are smooth and naked on the outside, and 
the inner edge and the palpus thickly clothed with coarse hairs. 

The chelipeds are somewhat unequal and very large. The merus 
is stout, sharply triangular, both the inferior angles are armed with 
stout spines and the superior angle is coarsely granulous. The 
carpus is broad, smooth and evenly rounded on the outside, and spi- 
nous along the inner edge and on the anterior edge beneath. The 
hand is broad, compressed, spinous on the su])erior margin and on the 
inside, the inferior margin granulous, and the outer side smooth ; the 
fingers are high and compressed, their tips strongly incurved, and the 
inner edges slightly sejiarated in the middle and armed with small 
irregular teeth except at the tips, which are slightly si)Oon-shaped 
with the edges horny, continuous and sharp. 

The ambulatory legs are smooth and naked above, but all the 
segments in the first three pairs, except the basal ones, are thickly 
clothed beneath and on the anterior side with very long coarse hair. 
Those of the antenor pair are longer than the others, and those of 
the posterior pair are much shorter than the others and but slightly 
hairy. The dactyli of the first two pairs are very long and stout, 
slightly curved downward, their extremities compressed vertically 
and five-sided with the angles sharp; those of the third pair are much 
shorter and curved backward as well as downward ; those of the 
posterior pair are still shorter, strongly curved backward and six- 
sided, the superior side being much broader than the others. 

The sternum is narrow, very convex in an antero-posterior direction, 
and the depression for the lodgement of the abdomen is broad, very 
deep, and extends quite to the base of the maxillipeds. The male 
abdomen is broadest at the third segment ; the second segment is very- 
small, and the two segments which precede it are completely coalesced. 
The appendages of the first segment are triquetral and very stout 
and extend to the extremity of the penultimate segment. Theappen- 
da<:?es of the second segment are very small, extending scarcely be- 
yond the third segment. 

Length of carapax, 54-0'""'; breadth of carapax, 73*4"""; ratio, 
1 : 1-36. Length of merus in right cheliped, 33-8"'"'; in left cheliped, 
33-0. Length of right hand, 49*5 ; length of left hand, 49*0. 

One of the specimens in the collection of the Peabody Academy of 
Science has the chelipeds much more unequal than in the specimen 
described above but agrees with it in all other charactei's. 
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There aro at least tliree American species of Uca : — ^thc U, cor- 
datfty (lescril)e(l above and the Ui una (the species figured by (luerin 
and Edwards), from tlie east coast, and Tli l(vvis, the species described 
and tipciii'ed by p]d wards in the Arcliives du Museum d'JIistoire iiat- 
urelle,tome vii, p. 1^5, pi. 1«), from the west coast. 

The synonymy of these species appi*ars to ])e in nuich confusion. 
The Cftncer cortlatus of Linne is described at length iiitlie Ama'uitatcs 
-Vcademicae, and is evi<lently tlie species described above and the 
same as the on(» figured by Ilcrbst. The <lescription of C, uca in the 
Systema Natura; is very short and indefinite and no cliaracters are 
given by which it could be distinguished from tlie C, cordatus. 

Milne Edwards in his Historic naturelle deCVust., 1837, quotes both 
these species under his Vca vna Ijatreille ; he gives " I'Amerique 
meridionale " as tlie habitat of U, una^ and describes a new species, 
U. laviSyiroui "les Antilles." The slight descriptions of his lor-via 
here j'iven would not distin!j;uish it from the U, cordata. In liis re- 
view of the Ocypodoidea in the Annales des Sciences naturelles, 3"'^ 
series, tome xx, 1853, tliese sjieciesare again briefly characterized and 
the same habitas given. In 18o4, in the An-hives du .Museum, loc. cit., 
he describes U. hfris at length and figures it, but says, " Je ne con- 
nais qut» des individus nifties de cette espece ; la plupart out 6X0 rap- 
portes des environs de (luayaijuil, par M. Eydoux." Tlie description 
and figure liere given a[)ply well to specimens in the Museum of Yale 
College collected at (iuayacpiil by Mr. Bradley, and <listinguish it 
readily from tlie Atlantic species. To add to the confusion, Lucas in 
D'Orbigny's Voyage dans rAmeri(iuc meridionale. Crust., p. 2.'}, 1843, 
gives, without description, " f\'a una Latr." as coming from " Envi- 
rons de Guayaquil : M. Eydoux." evidently having tlie same specimens 
before him that Edwards has described and figured in the Archives 
du Museum ! If Eclwards' original speciniens of l/tris wei-e from the 
West Indies as stated, they are probably the l\ eordata^ hwX even 
if this be the case, since the east coast species is (?vi<lently the Cancer 
cordfitu^ of Linne, the name hvis may be retaine<l for the west coast 
species to whicli EdwardsV last and fullest description and his fi<'-ure 

Wliite, in the list of Crustacea in the ]>ritish ^Inseum, ]>. 31, 1847 
has " Uca cordata'''* from the West Indies and Hrazil, but «iuotes as 
synonyms. Cancer uca and C, cordafiM of Linne, C. cordafus of Ilerbst 
and Uca una of Gu6rin and P^dwards, evidently confoimdin*' the two 
Atlantic species and intending to restore the older of the Linnean 
names. 
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Cardiosoma quadratum Saussure 

CArdls'tmi qu:iJrati Sjuias'.in;, op. cit., p. 22, pi. 2, fig. 13, 1858. 
Gi'liii-ui tf'''trii.,i. (Jill, Amuls Lye N:il. Ili-^t., Now York, vol. vii, p. 42, January, 
1850. [Wroni^ly priiitod 1858 on the third sij^naturi.'.] 

A numbcT of sptjciinens wore collected at Penmmbuco. 

It is at once rlistin^iiished from the C, Guanhumi by the more 
quadrate fonn of the carapax, the )»ranchial rei^iona heini^ much less 
swollen, by the lateral margin being marked by a distinct carina in- 
stead of evenly rounded, and by the sharply triangular and spiny 
merus of the cliclijHjds. Some of the specimens collected by Prof. 
Ilartt are nearly as large as ordinary specimens of C, Guunhumi and 
still retain the distinctive characters, so tliat it seems scarcely possible 
tliat it can be tlie young of that species as suggested by Saussure. 

Tliis species is in fact more nearly allied to the C. carnifex than to 
C, 6r I*//// /<W7/i/, and it resembles so closely a sjiccies in the collection 
of the Peahody Academy of Science from the west coast of Africa 
— appan:»ntly the C armatum of Jlerklots, — that it might readily be 
mistaken for it. The African species differs however in having the 
earapax less convex and the carina of the lateral margin less promi- 
nent; the front is broad and high, the anterior lobes of the gastric re- 
gion are j)rotuberant and the depressed space between them and the 
frontal margin is coarsely granulous, while in the quadratum the an- 
terior gastric lobes are not protuberant and the depressed space be- 
tween them and the frontal margin is scarcely granulous. The epis- 
tome and the nasal lobe are quite different in the two species ; in the 
quadratwii the spistome is nearly straight and its anterior margin is 
not granulated, the nasal lobe is high, forming rather more than a 
semicircle, an<l the lobes of the front on each side of it do not reach 
down to the anterior margin of the epistome, while in the African 
species the epistome is higher, more curved and the anterior margin 
granulated in the middle, and the nasal lobe is much lower, so that 
the lobes of the front on each side of it reach quite down to the an- 
terior margin of the epistome. Finally the chelipeds and ambulatory 
legs in the African species are more spiny and granulous. 
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ANOMOURA. 
Dromidia Antillensis stimpson. 

Dromidia Antillensis Stimpson, Proceedings Acad. Nat Sci., Philadelpliia, 1858, p. 
225, 1859; Aiinals Lye. Nat. Hist, Now York, vol. vii, p. 71, 1859. 

Sevenil specimens of tliis species were obtained by Prof. Ilartt at 
the Reefs of the Abrolhos. They give the following measurements 
and ratios : 

Breadth of 
carapax. Ratio. 

IG-emm 1 : iQl 

18-5 1 : 102 

16-0 1 ; 100 

18-2 1 : 101 

All the specimens have a covering of tough, fleshy sponge, much 
broader than themselves, held closely upon the carapax. 
Stimpson's specimens were from Florida and St. Thomas. 

Petrochirus granulatus stimpson. 

Pagurus granulatus Olivier, Encyclop., tome viii, p. 640 (te«to Edwards) ; Edwards, 
Observations Zoologi^uos siir les Pagurcs, Annales des Sciences naturelles, 2*0 
8<^rie, tome vi, p. 275, 1830; Uistoiro natiirelle des Crust, tome ii, p. 225; Dana, 
United States Kiploring Kxpe<lition, Crust, p. 453. 

Petrochirus granulUus .Stimpson, Proceedings Acad. Nat Sci., Philadelpliia, 1858, p. 
233, 1859; lleller, op. cit, p. 85. 

A single specimen in a Scolymiis was collected by Pro£ Hartt at 
the Keefs of the Abrolhos. 

CalcinUS SUlcatUS Stimpson. 

Pagurus sulcalus Edwards, Annales des Sciences naturelles, 2^® serie, tome vi, p. 279, 

1836; HLstoire naturello des Crust., tome ii, p. 230. 
Pagurus tibicen White (variety)^ List of Crust in the British Museum, p. 01. 
Calcinua stUcatus Stimpson, Proceedings Acad. Nat. Sci., Philadelphia, 1858, p. 234. 

A male of this species was collected at the Reefs of the Abrolhos. 

Length of body from front nf carapax to tip of abdomen, 23*5"^"'; 
length of left hand, 7*6; breadth of left hand, 4*5. 

It is closely allied to C, tibicen Dana and C, obseuriis Stimpson, but 
differs remarkably from both of them in the deep and rugose sulcus 
on the outer side of the propodus of the left leg of the second ambu- 
latory pair. This sulcus is very marked, extends the whole length of 
the segment, and is limited on the upper side by a sharp carina. From 
the obacurus it differs moreover in having the carapax broader in front, 
and the antero-lateral angle more prominent, and not rounded, as it is 

TBAK& CONKECnCUT AOAD., VOL. II. 2 AUGUST, 1869. 
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in that species. The larger hand is much narrower and more cylin- 
drical, and the dactyli of the ambulatory legs are not so strongly 
curved as in C. obacurus, 

Clibanaxius vittatus stimpsou. 

Pcigarua vitiatus Bosc, Histoiro naturellc dcs Crust, tomo ii, p. 78, pi. 12, fig. I, 1802 ; 

Edwards, Histoiro naturollo des Crust, ii, p. 237 ; Gibbes, loa cit p. 189. 
Clibanariua viUatua Stimpson, Proceedings Acad. Nat ScL, Philad., 1858, p. 335, 

1859 ; Annals Lya Nat Hist, Now York, vol vii, p. 84. 

Several specimens were collected at Caravellas, Province of Bahia. 
They do not differ perceptibly from Florida specimens, except that 
the hands are perhaps a little less tuberculose. 

Clibanarius sclopetarius Stimpson. 

Cancer sclopetarius Horbst, op. cit, Band ii, p. 23, Tab. 23, flg. 3, 1796. 

Fagurus sclopetarius Bosc, Histoire naturollo dos Crust, tomo ii, p. 76, 1802 ; Ed- 
wards, Histoiro naturollo des Crust, tomo ii, p. 229. 

Glihanarius sclopetarius Stimpson, Proceedings Acad. Nat Sci., Philadelphia, 1858, 
p. 235, 1859 ; Annals Lye. Nat. Hist, New York, vol vii, p. 85. 

A single specimen was collected in shoal water at the mouth of the 
Caravellas River, Province of Bahia. 

Clibanarius Antillensis Stimpson. 

OUbanarius Antillensis Stimpson, Prooeedinji^s Acad. Nat ScL, Philadelphia, 1858, p. 
235, 1859; Annals Lye. Nat Hist, Now York, vol. vii, p. 85. 

I refer to this species a large number of specimens collected at the 
Keefs of the Abrolhos. 

It is certainly very closely allied to C, JBrasiliensis Dana (United 
States Exploring Expedition, Crust., p. 467, pi. 29, fig. V), but the 
opthahnic scales are somewliat larger than represented in Dana's 
figure, and the right leg of the third pair convex upon the outside. 
In the alcoholic specimens the ground color of the htinds and ambula- 
tory legs is reddish-yellow, instead of olive. 

MACROURA. 
Scyllaxus aequinoxialis Fabncius. 

Scyllarus csquinozialis Fabriciiis, Supplcmentum Entomologlae systematicie, p. 399, 
1798; Bosc, op. cit, tome ii, p. 19; Edwards, Histoire naturollo des Crust, tome 
ii, p. 285, pi. 24, fig. 6. 

A single male specimen collected at Bahia appears to belong to 
this species. 

The carapax is broad, the breadth in front exceeding slightly the 
length of the lateral margin, evenly convex above, the regions scarce- 
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ly indicated, and covered, as is also the upper side of the abdomen, 
with small 8(iuamiform tubercles of uniform size, and each bearing 
several small fascicles of short setaceous hairs. The anterior margin, 
the margin of the orbits, and the lateral margin are armed with 
numerous, small, obtusely rounded, tuberculiform teeth. 

The antennulje extend slightly beyond the tips of the antennae ; the 
basal segments are clothed below with short set«?> ; the terminal seg- 
ments of the peduncle are smooth and cylindrical ; the inner flagella 
are nearly as long as the last segment of the peduncle, sparsely ciliate 
and tapering regularly to a slender point; the outer flagella are 
stouter, and considerably shorter than the inner. In the antenna^, the 
basis is very short and broad, so that, on the outside, the base of the 
ischium nearly touches the anterior margin of the carapax; the 
ischium is much broader than long, the middle portion rough and 
hairy, the outer and anterior margins smooth and naked, and the 
edges slightly and irregularly toothed, except the process on the inner 
side which has two strong teeth upon its inner edge and a smaller one 
on the anterior edge toward the articulation with the merus ; the car- 
pal, or last segment, is broader than long, the edge arcuate and cren- 
ulated, the middle portion above and below roughened with short, 
stiff hairs, but a broad space along the margin smooth. 

All the inferior surface of the thorax and the exposed parts of its 
appendages are rough Tidth short, stiff hairs or setae. The thoracic 
legs have a carina upon the posterior edge of the merus and carpus, 
which is very high and thin on the merus in all except the posterior 
pair. The dactyli in the first and second pairs are smooth and 
unarmed, but in the second pair they are longer and much slenderer 
than in the first ; in the last three pairs they are armed with fascicles 
of stout homy setae. 

The lamella? of the appendages of the second segment of the abdo- 
men are lanceolate, and the inner and outer of about equal size. 
The appendages of the three succeeding segments are rudimentary 
and scarcely project below the edge of the segments. The lamellae 
of the appendages of the penultimate segment are broadly rounded 
at the extremities, and the inner ones project beyond the tip of the 
terminal segment. The terminal segment is broader than long, and 
the extremity truncate with the angles rounded. 

The following description of the colors was taken from the speci- 
men when recently preserved in alcohol, and when, according to 
Pro£ Hartt, the colors were as in life. * 

General color above reddish-brown ; antenna; lighter, bordered with 
bright purple, and the teeth of the edge orange-red ; antennulae light 
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reddish ; carapax with the frontal and median tubercles, the tubercles 
of the orbits and of the anterior and hiteral margins orange-red; first 
segment of the abdomen bright orange, the median portion slightly 
mottled with purplish-red, and with two large circular reddish-purple 
spots; the succeeding segments with the smooth anterior portion, 
orange mottled with purplish-red ; terminal segment and the lamelli- 
form appendages of the penultimate segment brownish-yellow, almost 
white at the extremities. Beneath, dirty yello\\4sh; antenme with 
the colors of the upper side dimly repeated ; legs with slight purple 
annulatious at the articulations. 

Length of body from tip of rostrum to extremity of abdomen, - l90-0»"ni 

** of carapax from tip of rostrum to middle of posterior margin, 8G'0 
Breadth of carapax, - - - - - - -71*2 

Length of antennula?, below, - - - - - 55*0 

" antenna?, " . . . . . 620 

•* first thoracic legs, - - - - - 76*0 

" second " ..... 90-0 

" third " 83-5 

" fourth " 72-0 

" fiftli " ..... T5-0 

Panulirus echinatus, sp. nov. 

This species is closely allied to P. giUtatvs. 

The carapax is armed with numerous stout spines, those on the 
anterior part of the carapax larger than those behind; the surface 
between the spines is closely filled T^itli small tubercles, which are 
beset with short, stiff liairs, and many of the tubercles in front of the 
cervical suture are tipped with spinules. The cervical suture is mark- 
ed by a deep depression. 

The antennulary segment is armed with two straight and slender 
spines which project forward and upward, their length twice as great 
as the distance between their tips. The superior orbital spines are 
stout and long, and extend slightly beyond the tips of the eyes. On 
the anterior border below the eye, there are two other spines project- 
ing over the base of the antennae ; from the inner of these there is a 
line of about eleven smaller spines, three of which are in front of the 
cervical suture, extending to the postero-lateral angle of the cara])ax ; 
below this line there are no spines on the branchial region. Just 
behind each of the su])erior orbital spines there is a stout spine as large 
as the spines on the anterior margin below the eye ; behind these 
spines, and in front of the cervical suture, there are four smaller spines, 
thus forming, with the orbital spines, two-subdorsal lines of four 
spines each, which are succeeded behind the cervical suture, by two 
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lines of fivQ small spines eacli. On tlie median line of the anterior 
part of the gastric region there are three small, sharp spines. The 
remaining spines of the carapax are disposed irregularly. 

The peduncle of the antennula extends slightly beyond the pedun- 
cle of the antenna ; the basal segments are armed with short setfB. 
The inner flagellum is about as long as the carapax, quite slender and 
wholly naked ; the outer flagellum is shorter, much stouter, and the 
terminal portion ciliated beneath. 

The peduncle of the antenna is a little longer tlian the breadtli of 
tlie carapax, and is armed with stout spines, tliree of whicli are on the 
anterior edge of the basis, and another on the inner side, below and 
near the outer of the three spiniform teeth of the anterior edge of the 
epistonie. ITie flagellum is about tliree times as long as the carapax, 
tapers to a slender point, and is anned with sharp spines. 

The external maxillij>eds, when extended, reach nearly to the an- 
terior extremity of the basis of the antennsp, and all the segments are 
thickly clothed on the inside, and the dactylus all round, with stiff 
hairs ; the exognath is rudimentary, about half as long as the dactylus 
of the endognath, quite slender, and is wholly without a flagellum. 

The thoracic legs are smooth and naked, except the dactyli and the 
outer portion of the underside of the propodi; the meral segments 
are each armed with two sharp spines, one above and another on the 
inside at the extremity next the articulation with the carpus. The legs 
of the first pair are shorter than the others, do not reach quite as far 
forward as those of the second pair, and the dactyli are stout and 
thick. Those of the second and third pairs are more slender than the 
others, especially the penultimate segments, the dactyli straight 
nearly to the tips, which are hooked abruptly down. The third pair 
reach slightly beyond the second. The fourth pair extend only to the 
middle of the propodi of the third pair ; the carpus is armed with a 
stout and sharp spine on the upper edge of the extremity next the 
propodus, where there is no si)ine in the other legs ; the dactylus is 
stout, the basal portion armed beneath with slender spines, which are 
articulated at the base and movable, and the terminal portion taper- 
ing to a slender point and curved evenly downward. The legs of 
the fifth pair reach to the middle of the propodi of the fourth; the 
coxa is armed with a long, sharj) spine on the posterior side and near 
the articulation with the basis ; the dactylus in the male is similar to 
that in the fourth pair, but shorter and more curved ; in the female 
the dactylus is somewhat shorter than in the male, and armed on the 
posterior side of the base with a stout process which closes against a 
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similar process from the extremity of the propodus, botli processes 
being hairy upon the outside and having horny, spoon-shaped tips. 

The abdomen is nearly smooth, and all tlie segments, except the ter- 
minal, are crossed by a narrow and thickly ciliated sulcus, which is 
interrupted in the middle on the third, fourth and fiftli segments. Tlie 
first segment has a single, short lateral tooth. The remaining seg- 
ments, except the last, have this tooth spiniform and very large, and 
a small additional one behind it ; the larger tooth is armed, except in 
the penultimate segment, with one or two small spines or denticles on 
the anterior edge, near the base. The posterior edge of the penulti- 
mate segment above is armed with close set, sharp teeth. 

The lamelliform appendages of the sixth segment of the abdomen 
are of about equal length, broad and truncate at the tips. The lamella 
of the last segment is slightly narrowed and truncate at the tip, and 
does not extend beyond the lamellte of the sixth segment. In the 
male, the lamella; of the second to the fifth segment are ovate and all 
of about the same size. In the female, these lamellae are very much 
larger ; in the second segment, the inner one is of the same form and 
nearly of the same size as the outer ; in the three following segments 
the outer lamellsB decrease in sizo successively, and the inner lamellte 
are each composed of two branches, the outer branch being narrow, 
triangular, its edcces thickened, multi-articulate and clothed with \on<r 
hairs ; the inner branch slender, not tapering, articulated at the base 
of the outer branch, not jointed like the outer branch, but composed 
of a single piece, and clothed beneath and at the tip with long hairs. 

Two specimens give the following measurements : — 

Length of body from base of antennulsc to extremity of ab- 
domen, ------- 

Length of carai)ax fVom base of antennula} to middle of pos- 
terior margin, - - - - - 

Breadth of carapax, . . - - - 

Length of antennulae, - - - - - 

" inner flagellum of antonnuke, - - - 

" outer " " . . - 

'* antcnnie, - . - - - 

" first tiioracic legs, - - - - 

" second, ".---- 
" third, *• . . - . 

" fourth, ".---- 

" fifth, " - . . . 

Several specimens were obtained at Pemambuco. 
This species appears to be closely allied to the P. guttatxis of the West 
Indies, but that species, according to Edwards' description and figure 



Male. 


Female. 


135.0nim 


1650™™ 


69-5 


68-5 


36-2 


42-2 


1030 


109-0 


61-4 


64-0 


480 


50-8 


2600 


2900 


81-0 


89-0 


92-5 


102-2 


101-0 


1110 


83 


92-5 


•72-5 


770 
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(Histoire Naturelle des Crust., tome ii, p. 297, pi. 23, fig. 1 and 2,) has 
the thoracic legs of the second pair longer than those of the third ; 
he also states that the tninsverse sulci of the abdomen are not inter- 
rupted on the first three segments ; and moreover, in his figures no 
spines are indicated upon the bases of the antennae, or upon the coxae 
of the posterior thoracic legs, and the flagella of the antennae and the 
antennulae are much shorter than in our species. 

Heller (op. cit., p. 95) and DeHaan (op. cit., p. 169), both state that 
in the giUtattia the spaces between the spines of the carapax are 
smooth, while in our species they are tuberculose and hairy. Neither 
Edwards, De Haan nor Heller mention the sub-cheliform posterior 
thoracic legs as a character of the female of P. guttattca, 

Aipheus heterochelis Say. 

Alpheus heterochdis Say, Journal Acad. Nat. ScL, Philadelphia, vol i, p. 243, 18 IS; 

Edwards, Histoiro naturelle des Cnist, tome ii, p. 366; Glbbes, loa cit, p. 196. 
Alpheiis armiUaius Edwards?, Hiatoire naturelle des Crust, tome ii, p. 364, ISSt. 
Alpheus luiariua Saussure, op. cit., p. 45, pi. 3, fig. 24, 1858. 

A large number of specimens collected at the Reefs of the Abrolhos 
agree perfectly with specimens from Florida and Aspinwall. 

PalsBmon Jamaicensis Olivier. 

Cancer (Astacus) Jamaicensis Herbst, op. cit. Band ii, p. 67, Tab. 27, fig. 2, 1796. 
PaUxmon Jamaicensis Olivier, Encyclop., tome viii, (testa Edwards,) ; Desmarest, op. 
cit, p. 237 ; >klwards, Histoire naturelle des Crust, tome ii, p. 398, R^gne animal 
de Cuvier, 3® edit, pi. 3, fig. 4 ; Saussure, op. cit, p. 49. 

Of this species there are in the collection two specimens, both 
males, from PenMo, Rio Sao Francisco, 

In both specimens the rostrum is stout, a little shorter than the 
antennal scale, and is armed above with twelve, and below with four 
teeth. The anterior legs are longer than the carapax, and nearly 
naked, except a few fascicles of hairs on the fingers ; the hands are 
slender, and about half as long as the carpus, which is slightly shorter 
than the merus. In the smaller specimen the second pair of legs are 
equal, stout, very long, and thickly beset with small spines; the 
hands are cylindrical, much longer than the carapax, and the lingers 
half as long as tlie palmary portion of the hand. In the larger speci- 
men the legs of the second pair are quite unequal, the left one being 
considerably longer and much stouter than the right, and the fingers 
only a third as long as the palmary portion ; the right hand is much 
as in the other specimen, but considerably smaller in proportion. In 
both specimens the penultimate segment of the abdomen is broad, 
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the lamellae of its appendages are broadly rounded at tlieir extremities, 
and the outer ones slightly broader, but scarcely longer, than the 
inner. The terminal segment of the abdomen is stout, its extremity 
broad, rounded, ciliate, and has a small movable spine on each side. 

A single, small and somewhat imperfect specimen, also a male, from 
Caravellas, Province of Bahia, is apparently the young of this species, 
but presents some differences. The rostrum is armed with fifteen 
teeth above and three below, and the legs of the second pair are quite 
short, extending but little beyond the first pair, sparsely spinulose, 
and the hands quite slender. In other respects it agrees closely with 
the larger specimens. 

The three specimens give the following measurements : — 

Pencrto, Sao FrancJaoo. CarRvellas. 
Length from tip of rostrum to extremity of abdomeo, 151 '0™°^ 
Length of carapax from orbit to middle of posterior 
margin, . - - - - 

Breadth of carapax, - - - - 

Length of rostrum from its tip to base of eyes, 

basal scale of antenna, 

first thoracic legs, 

menia in first thoracic legs, 

carpus, »' »' . - 

hand, " " - - 

dactylua, " «' . . - 

second thoracic legs, 

merus in second thoracic legs, 

carpus, »t «* - - 

hand " "... 

dactylus," " 

Palaemon forceps Edwards. 

Histoire naturelle des Cnist, tome ii, p. 397, 1837; Saussure, op. cit, p. 51 ; Wliite, 
List of Crust, in the Britisli Museum, p. 78. 

A large number of specimens of this species was obtained by Prof. 
Hartt at the mouth of the PariL 

Tlie larger males agree with Edwards' description. Tlie carapax is 
granulous, especially on the sides. The rostrum is stout, nearly straight, 
extends slightly beyond the antennal scale, and is armed above with 
nine or ten, and below Tiath five to seven teeth. The antennal and 
hepatic spines are stout and of about equal size. The legs of the 
second pair are very long, cylindrical, the inner and the inferior sides 
of the merus, carpus and the basal half of the hand are armed with 
about four longitudinal lines of slender spines, the upper and outer 



1, 151 -Omm 


1260™™ 


64-40 


48 


41-2 


18-0 


27-2 


23-5 


9-8 


21-8 


18-6 


8-0 


230 


190 


8-8 


68 


57-8 


26-0 


17-8 


150 


7 


210 


16-6 


8-4 


120 


10-5 


4-3 


5-8 


5-2 


2 1 


140— 132-0 


1150 


31-2 


200— 25-5 


25-0 


5-9 


16-8- 24 


17-2 


60 


540— 580 


59 


10-8 


27-2- 21-0 


300 


5-3 
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sides thickly set with short spinulos and slightly hairy ; the fingers 
are slender, cylindrical and thickly covered with a woolly pubescence. 
The lamelliform appendages of the penultimate segment of the abdo- 
men are broadly rounded at their tips, and the outer ones are scarcely 
longer than the inner. The terminal segment of the abdomen is nar- 
rower than in P, flamrticensis, the sides aije straight, and the tip has 
a strong median tooth and a slender spine each side. 

The young males are quite similar to the full-grown, but the car- 
apax is nearly smooth, the rostrum somewhat upturned at the ex- 
tremity, and the legs of the second pair are smaller in proportion, and 
the spines and spinules less developed. 

The females differ remarkably from the males, all the specimens 
being considerably smaller, and resembling the young males. The 
carapax is much more gibbous and quite smooth, even in the largest 
specimens. The rostrum in front of the eyes curves upward con- 
siderably, and much more strongly in the small than in the large 
specimens. The legs of the second pair are quite slender, much 
shorter than in the male, only slightly sjunulose in the large speci- 
mens, and almost wholly smooth and naked in the smallest. Of the 
ten specimens in the collection every ona has large masses of eggs 
under the abdomen. 

Five specimens given the following measurements : — 



Length of body from tip of ros- 


Male. 


Male. 


Male. 


Female. 


Female. 


tnim to extremity of abdomen, 


1420mra 


125'0°*™ 


•75-On»ra 


1060m™ 


76*0mm 


Lengtii of carapax from orbit to 












middle of posterior margin, 


36-4 


33-5 


19-6 


27-4 


18-0 


Breadth of carapax, 


23-8 


20-4 


11-8 


18*4 


11-2 


Length ef rostrum from its tip to 












base of eyes, 


310 


290 


17-2 


22-6 


200 


Length of basal scale of antenna, 


26-5 


230 


15-2 


19-7 


14-5 


'* first thoracic legs. 


57-0 


50-0 


31-0 


400 


27-4 


" menis in first thoracic 












legs, 


15-2 


13-0 


7-6 


10-4 


7-4 


Length of carpus, 


19-2 


17-4 


10-5 


13-4 


9-4 


" hand, - 


8-0 


7-6 


4-8 


60 


40 


" second thoracic legs. 


ni-o—iss-o 


143 


670—430 


750 


430 


" merus in second tho- 












racic legs, - - - 


360— 32-4 


280 


13-4_ 9-8 


150 


8-5 


Length of carpus, 


60-2— 440 


40-0 


20.0—100 


20-2 


140 


*• hand, 


60-2— 560 


50-0 


22-6— 140 


22-5 


10-8 


" dactylus, 


28-0— 250 


240 


110— 7-5 


110 


5-2 
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FalaBmon ensiculus, sp. nov. 

Plate I, figure 2. 

The carapax is somewhat gibbous, and the antennal and hepatic 
spines are slender, sharp and of about equal size. The rostrum is 
very long, strongly curved downward for the basal half of its length, 
the terminal half very slender, nearly straight, but strongly inclined 
upwards ; it is armed above with nine to twelve short teeth, which are 
ciliatQid along their edges, and of which seven or eight are on the 
basal portion, and the others near the tip, and below with eight to 
twelve teeth. 

The eyes are large and the peduncles rjither long and slender. The 
flagella of the antennula are very long, the outer flagellum about as 
long as the whole body and the inner a little shorter. The peduncle 
of the antenna is armed with a small spine on the outside just below 
the articulation of the basal scale ; the basal scale is long but not 
reaching, by considerable, the tip of the rostrum, the extremity evenly 
rounded and extending considerably forward of the small, acutely 
pointed tooth at the anterior extremity of the outer margin ; the fla- 
gellum is very long, considerably exceeding in length the flegella of 
the antennulie. The external maxillipeds are slender, reaching slightly 
beyond the base of the flagella of the antennse. 

The first pair of thoracic legs are very slender, reaching slightly 
beyond the basal scales of the antennae, smooth and naked, except a 
few fascicles of hairs on the hands. The second pair of legs in the male 
are very long and quite slender, in full-grown specimens the merus 
reaching beyond the tip of the antennal scale and all the segments to 
the base of the fingers closely beset with short spinules ; the hands 
are cylindrical, not swollen, the fingers ■ slender and sparsely clothed 
with short, downy pubescence. In the females and young the second 
pair of legs are considerably smaller and much less spinulose. The 
third pair of legs reach to the tips of the basal scales of the an- 
tenna?. The fourth and fifth pairs are successively a little longer. 

The abdomen is rather slender. The penultimate segment is long 
and narrow, the length above being nearly or quite twice as great as 
the breadth ; the lamelliform appendages are rather narrow, the inner 
ones rather acutely rounded at the tips and reaching a little beyond 
the terminal segment of the abdomen, the outer ones evenly rounded 
at the tips and considerably longer than the inner ones. The terminal 
segment is narrow and tapers regularly to a very slender and acute 
point. 



Male. 


Male. 


Fcraale. 


Female. 


108 Omra 


91 -omm 


89 omm 


65 -omm 


25 


19-3 


210 


14-4 


15-6 


120 


13-6 


90 


290 


260 


210 


20 6 


190 


16-0 


160 


12-8 


36-4 


27-0 


28-5 


20-0 


9-6 


7-5 


8-0 


5-7 


11-8 


90 


8-8 


6-6 


4-8 


4-2 


40 


3 


103 


540 


55-7 


320 


21-0 


11-4 


11-2 


72 


300 


16-7 


170 


10-4 


32-5 


14-4 


15-6 


7 


14-8 


6-7 


6-5 


2-8 
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Several specimens give the following measurements : — 

Length of body from tip of rostrum to ex- 
tremity of abdomen, 
Length of carapax from orbit to middle of 
posterior margin, - - - - 

Breadth of carapax, - - - 

Length of rostrum from its tip to base of eyes, 

*' basal scale of antenna, 

" first tlioracic legs, 

" merus in first tlioracic legs, 

" carpus " " 

" hand " " 

" second thoracic legs, - 

'* merus in second thoracic legs, 

" carpus " *' 

" hand " " 

" dactylus " " 

A large number of specimens of this fine species were obtained by 
Pro£ Hartt at Pari. 

Peneus Brasiliensis Latrciiie. 

Peneus Brasiliensis Latreille, Nouveau Dictionnarie d'Histoirc naturelle, tome xxv, 
p. 154 (teste Edwards); Edwards, Ilistoire naturelle des Crust, tome ii, p. 414; 
White, List of Crust, in the Britisli Musemn, p. 80; Gibbes, loc. cit, p. 198. 

I refer to this species a large number of small specimens obtained 
by Prof. Hartt at Bahia. They agree perfectly with a specimen from 
the west coast of Florida, which is undoubtedly the same as the 
species described by Gibbes from South Carolina. 

Xiphopeneus, pen. nov. 

The carapax is much as in Peneus, but the rostrum is very long, its 
extremity very slender, and the gastro-hepatic sulcus is scarcely per- 
ceptible, while the cervical and branchio-cardiac sulci are distinct. 
The antennulae are long and slender, and the peduncle has only a very 
small lamelliform appendage on the inside, which is not foliaceous and 
expanded over the eye as in Peneus ; the flagella are very long and 
slender, the upper ones being much stouter and longer than the lower. 
The antennse, maxillipeds and the three anterior pairs of thoracic legs 
are nearly as in Peneus, The fourth and fifth pairs of thoracic legs 
are very long, and the terminal segments very slender and flagelliform. 
The abdomen is quite similar to Peneus, but the lamellas of the 
appendages of the first five segments are much longer than is usual 
in that genus. 
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This genus has much the aspect of Pe?ieuSj and is closely allied to 
it in tlio antenna^, maxillipeds, anterior thoracic legs and abdomen, 
but ditfers from it remarkably in the carapax, autennula* and posterior 
thoracic legs. 

Xiphopeneus Harttii, sp. nov. 

Plate I, figure 1. 

The carapax is not at all swollen; a very slight, rounded dorsal 
carina extends from the base of the rostrum to the posterior border; 
the cervical and braiichio-cardiac sulci are very distinct, and together 
form a nearly straight groove from near the base of the antennse al- 
most to the posterior border ; the inferior margin of the carapax ia 
nearly straight, projecting slightly along the branchial n^gion ; the 
antennal spine is prominent and rather stout, and the hepatic spine 
slender and acute. The rostrum is verj^ long and slender, in length 
nearly equalling or considerably exceeding the carapax, wholly un- 
armed below, but the basal portion armed above with a thin and high 
carina, which extends back upon the canipax a short distance, and for- 
ward as far as the eyes, and is armed with five sharp and prominent 
teeth, and at its posterior extremity with another tooth which is 
smaller, much below the level of the others, and separated from them 
by a considerable space ; the portion in front of the eyes is nearly 
straight or a little upturned, sub-cylindrical, slightly flattened laterally, 
unarmed, perfectly smooth and tapers to a very slender point far in 
front of the antennal scales. 

The eyes are of moderate size, and the peduncles much shorter than 
in most species of Peneus, 

The ap])endages upon the inside of the peduncle of the antennulsB 
are surmounted by a tufl of hairs which fills a little depression in the 
ocular j)eduncle. The first antennulary segment in advance of the eye 
is sub-cylindrical, flattened on the under side, and nearly as long as 
the peduncle of the eye ; the next anterior segment is cylindrical and 
one-half as long as the last. The upper flagellum of the antennula is 
slender, about three times as long as the carapax, and has a short 
portion at the base slightly thicker than the rest ; the lower flagellum 
is very slender and about half as long as the upper. 

The basis of the antenna is armed with a small, sharp spine just be- 
low the articulation of the antennal scale. The antennal scale reaches 
to the base of the flagella of the antennula, is much narrowed toward 
the tip, the outer margin is straight and armed with a sharp tooth at 
the anterior extremity, and the inner margin is nearly straight and 
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thickly ciliated. The three anterior segments of the peduncle are 
cylindrical, and the last (carpal) is much longer than in most species 
of PenenSy so that it reaches to the middle of the antennal scale. 
Tlie flagellum is very much longer than the whole length of the body. 

Tlie second pair of maxilHpeds, when extended, reach nearly to the 
base of the antennal scale; the merus is nearly three times as long as 
broad, and thickly hairy on the inner edge; the exognath is very 
slender, clothed along the edges with long cilia, and scarcely reaches 
the tip of the extended dactylus. The external maxillipcds reach 
slightly beyond the middle of the antennal scale and are thickly 
setose along the inner edges ; the exognath is slender, extends slightly 
beyond the merus of the endognath, and is ciliated as in the maxilH- 
peds of the second pair. 

The thoracic legs of tlie first pair reach about to the middle of the 
propodus of the extenial maxillipcds, are slender and beset with stiff 
hairs along the edges, and the basis is armed with a short spine tm 
the inner side near the articulation with the ischium. The second and 
third pairs of legs are successively a little longer, perfectly smooth, 
and the basiil segments unarmed. Tlie legs of the fourth and fifth 
pairs are smooth and unarmed, and all the segments, except the coxal 
and basal, are very slender an<l very much prolonged, the terminal 
segments being fully as slender as the terminal portions of the flagella 
of the antenimlse. 

The abdomen is compressed, and upon the fourth, fifth and sixth 
segments there is a dorsal carina which is high ami sharp upon the 
sixth, and terminates posteriorly in a slight tooth upon the fifth and 
sixth. The terminal portion of the appendages of the first segment 
is long, slender and ciliated along the edges ; in the appendages of 
the four succeeding segments the outer of the terminal branches are 
like the terminal portion of the appendages of the first segment, and 
of about the same length, while the inner branches are but half as 
long. The penultimate segment is strongly compressed, and its lamel- 
liform appendages are rather long and narrow, the inner ones project- 
ing considerably beyond the terminal segment, ciliated along both 
edges and narrowly triangular at tip, the outer ones ciliated along 
the inner edges and rounded at the tip. The terminal segment tapers 
regularly to a very slender and acute point, the edges of the terminal 
half are ciliated, and there is a deep median groove upon the dorsal 
surface. 

In the male, the appendages of the first abdominal segment (plate 
I, fig. I"), are connected together near their bases by a peculiar sexual 
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organ which depends between them, and consists of a central tubnlar 
portion articulated with the bases of the abdominal appendages by a 
short process on each side and furnished at the lower extremity with 
two stiff, horn-like, tubular processes. The central portion is open on 
the posterior side for its whole length, and the membrane of which it 
is composed is folded into deep longitudinal grooves, except on the 
anterior side which is smooth and flattened, and traversed longitudi- 
nally by a median suture. The horn-like, terminal processes curve 
slightly backward and downward, and have an opening on the lower 
side at tlie tips. The inner of the terminal branches of the append- 
ages of the second abdominal segment are furnished at the base on 
the anterior side with a small, ovoid, flattened, cushion-like organ 
which is wanting in the appendages of the other abdominal segments, 
and in all of those of the female. 

Three specimens give the following measurements : — 



Lonjj^ of body from tip of rostrum to extremity 


of ab- 


Male. 


Female. 


Female. 


domen, 




- 


g7*0nini 


133-Onim 


112-Omm 


Length of carapax from orbit to middle of posterior 








margin 


>"■""" 


- 


180 


31-8 


25-5 


Breadth of carapax, . . - 




8-6 


150 


12-5 


Length of rostrum from tip to base of eyes, 




220 


31-5 


26-0 




basal scale of antenna. 




13-4 


20-8 


18-4 




first thoracic legs, - - - 




17-5 


29*0 


25-4 




hand in first thoraac legs, 




4-3 


7-7 


61 




second thoracic legs, 




22-2 


41-6 


360 




hand in second tlioracic legs. 




5-4 


10-0 


8-2 




tliird thoracic legs, - - - 




31-5 


58-0 


460 




hand in third thoracic legs, 




6-2 


12-8 


9-8 




menis in fourth thoracic legs. 




14-2 


32*2 


200 




carpus, " " 




14-6 








fifth thoracic legs, 




85 + 








merus in fifth thoracic legs. 




n-6 


270 


23-5 




carpus ** " - - 




21-0 


27-6 


29-4 




propodus " " 




230 








dactylus " " - - 




16 + 








first pair of abdominal appendages, 


- 


21-6 


320 


29-0 




second " " 




220 


32-5 


29-4 



Several specimens of this remarkable species — all of them some- 
what broken and in rather bad condition — were obtained by Pro£ 
Hartt at Caravellas, Province of Bahia. 
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SQUILLOIDEA. 
Qonodactylus chiragra Latreme(?). 

SquiOa chiragra Fabricius, Supplementum Kntomol. systematicai {teste Edwards). 
Gonodaclyhu chiragrua Latreille, Encyclopodie metliodique, tomo x, p. 473, plate 325, 

fig. 2 (teste Edwards) ; Edwards, Histoire naturelle dcs Crust., tome ii, p. 528, 

Gibbes, loc. cit, p. 201. 

A species of Gonodactylus was collected by Prof. Ilartt at the 

Reefs of the Abrolhos and at Caravellas, Province of Bahia, which 

does not differ from the common West Indian and Florida species. 

The American species is, however, very likely distinct from the true 

O. chiragra of the old world. 

In the foregoing list 32 species arc mentioned, of which 21 appear 
to be new to the fauna of Brazil; and of these 21 species, 6 are des- 
cribed as new to science, and the remaining 15 are all species pre- 
viously known from the West Indies or Florida, 

In order to give a better idea of the crustacean fauna of the whole 
Brazilian coast, I append the following list. 

List of the described species of Brazilian Podopthalmia, 

Previous to Milne Edwards' general work,* scarcely anything was 
known of the Crustacea of South America, and even in this work 
Edwards records Brazil as the liabitat of very few species. Some 
additional species, however, are recorded in his later papers on the 
Ocypodoidea,f and Alphonse Milne Edwards has added a single species 
in his monograph of the Portunids.J A few other species are men- 
tioned in short papers by Bell,§ Weigman,|| and Bate,^^ and quite a 



* Histoire naturelle des Crustac^s. Paris ; tome i, 1834; ii, 1837 ; iii, 1840. 

f Observations sur la Classification dcs Crustacea. Annales dcs Sciences naturelles, 
3me aerie; De la famille dee Ocypodides, tome xviii, 1852, pp. 128-166, pi. 3-4; Suite 
(1), tomo XX, 1853, pp. 163-228, pi, 6-11. — Notes sur quelques Crustaces nouveaux ou 
peu connus. Archives du Museum d*Histoire naturelle, Paris, tome vii, pp. 145-192, 
pL 9-16, 1854. 

X Etudes zoologiques sur les Cnistaces reccnts de la famile des Portuniens. Archives 
du Museum d'Histoire naturelle, Paris, tome x, pp. 309-428, pi. 28-38, 1861. 

g Some Accoimt of the Crustacea of the coasts of South America. Transactions 
Zoological Society, London, vol. ii, pp. 39-66, pL 8-13, 1841, and Proceedings Zoological 
Society, 1835, pp. 169-173. 

I Besdireibung einiger neuen Cnistaceen des Berliner Museums aus Mexiko und 
BrasUien. Archiv fiir Naturgescliichte, 1836, Band i, pp. 145-151. 

^ Carcinological Gleanings, No. 111. Annals and Magazine of Natural History, 4th 
series, vol. i, June, 1868, p. 447. 
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number of species are indicated by White in the list of Crustacea in 
the British Museum,* but unfortunately descriptions of many of the 
new species have not yet appeared. But by far the largest accessions 
to our knowledge of the Crustacea of this coast were made by Pro£ 
Dana in his work on the Crustacea of the United States Exploring 
Expedition.! Although the expedition touched on the Brazilian 
coast only at Rio de Janeiro, over forty species of Podophthabnia 
alone Avero collected and described. More recently Heller has enume- 
rated the species taken by the naturalists accompanying the Austrian 
Expedition round the world during the years 185 7-1 85 9. J Unfortu- 
nately, however, this expedition also touched only at Rio de Janeiro, 
and consequently but few species were obtained which were not 
observed by Dana. 

From the works of these authors. Prof. Ilarrt's collection, and a 
few species in the collection of the Peabody Academy of Science, the 
following list has been compiled. 

A few species, of which the localities are questionable or suspected 
are preceded by a mark of doubt, thus (?), but all queries which are 
not inclosed in parenthesis are quoted directly from the author whose 
name they precede. When I have personally examined specimens 
from the localities mentioned, they are followed by an I , In all other 
cases the authority on which it is inserted follows the locality. 

BRACHYURA. 

MAIOIDBA. 

Maiid^. 

Libinia spmoaa Edwards. 

'* Les cotes du fir^sel" (Edwards, Hist nat des Crust, tome i, p. 301). 
Libidocka Srasilieneia Heller. 

Rio de Janeiro (Ueller, op. cit, p. 1). 

MlTHBACID^. 

Mithrax hispidus Edwards. 

AbrolhosI (ilartt). — Antiilos (Edwards). Tortugas, Key Biscajne (Stimpson). 
South Carolina (Gibbes). 
MithraciUus coronatus Stimpson. 
Abrolhos I (Hartt). — Aspinwall I (P. H. Bradley). Tortugas (Stimpson). 

* List of the specimens of Crustacea in the collection of the British Museum. Lon- 
don. 1847. 

f United States Exploring Kzpedition, during tlie years 1838-42, under command of 
Charles Wilkes, U. S. N., vol xii. Crustacea. Philadelphia, 1852. Plates, 1856. 

X Reise der osterreichisclien Frogatte Novara um die Erde. ZooL Theil, zweiter 
Band, dritte AbUieilung, Crustaceen. Wien, 1866. 
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EURYPODID^, 

(?) EurypodiuB LatreiUii Gu6rin. 

Rio de Janeiro (Bell, Transactions Zoological Society, London, voL ii, p. 40). — 
Chili (Edwards and Lucas, Bell, White, Dana).— '' Les iles Malouines " (Edwards, 
Hist. nat. des Crust., tome i, p. 284). 

There is probably some confusion of localities here. Bell alone mentions the spe- 
cies as coming from Bnizil, and as he had it also from Chili, some interchange of 
specimens may have taken place. The Chilian species is very likely distinct 
from tlie East Indian one. 

Pbricebid^. 
MUnia bicornuta Stimpson. 

AbrolhosI (Hartt). — Aspinwalll (F. H. Bradley). Antilles (Edwards, Saossure). 
Jamaica (White). Florida Keys I (E. B. Hunt). Bermudas I (J. M. Jones). 
PeUinia acutiformU Dana. 
Rio de Janeiro (Dana). 

Acanthonyx Petiverii Edwards. 
"Coast of Brazil" (Bell).— Antilles (Edwards).— (?) Valparaiso (Dana). (?) Gala- 
pagos Islands (Bell). 

JEpiaUtis Bra^iliensU Dana. 

Rio de Janeiro (Dana). 

EpiaUus tnarghiatus BelL 

*' Ad oras Brasilia" (Bell, Proceedings Zool. Soc, London, part iii, 1835, and Trans- 
actions Zoc)l. Soc^, London, vol. ii, p. G2). — '*Ad Insulas Galapagos" (Boll, Trans- 
actions Zool. Soc., loc. cit.). 

The specimens from the two coasts are probably distinct ppccies, and if so the name 
marginatum should be retained for the Brazilian one, as in the first description 
Bell mentions only the Brazilian specimen. There is some confusion in regard to 
the locality from which the west coast specimen came, the habitats being given 
us quoted above, but in the remarks following the description in the Transactions, 
it is stated that the male specimen came from Valparaiso, where it was found in 
company with E. dsniaJtua by Mr. Cuming. 

lAicippa lev 18 Dana. 

Rio de Janeiro (Dana). 

CANCROIDEA. 

Xantiiid^, 

Xantho parvula Eldwards. 
Brazil (Edwards).— Antilles (Edwards). Capo de Verdes (Stimpson). 

Xantho dispar Dana. 

Rio de Janeiro? (Dana). 

Xantho denticulata White. 
Abrolhos 1 (Hartt).— West Indies (White). Aspinwall I (P. H. Bradley). Bermudas I 

(J. M. Jones). 
Trans. Connectiout Acad., Vol. II. 3 Auousr. 1869. 
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(?) Mefiippe JRumjyhii DeHaan. 

Rio de Janeiro? (Dana). Pomambuco (White). — Jamaica (White). — East Indies 

(Kerbst, Edwards, etc.). 
The American species is probably distinct from the true Rumphii of the Blast Indies. 

Panopetia jyolitus Smith. 
Abrolhos! (Uartt). 

Panopeiia Harttii Smith. 
AbroUiosI (Hartt). 

Panopeus Jlerbstii Edwards. 
Rio de Janeiro (Heller, op. cit., p. 16). — Aspinwall ! East and west coast of Flor- 
ida! Bahamas! South Carolina ! 

Chlorodius Floridamia Gibbes. 

Abrolhos! (Hartt)— Key West! (Gibbes). Aspinwall! (P. H. Bradley). 
Pilwnfius Quoyi Edwards. 

Rio de Janeiro (Edwards). 

Ebiphid^. 
Eriphia gonagra Edwards. 

Rio de Janeiro (Dana, Heller). Abrolhos! (Hnrtt).*— Aspinwall! (F. H. Bradley). 
Tortugas (Stimpson). Florida Keys! (E. B. Hunt). Bahamas! (Coll. Bost. Soc. 
Nat Hist.). — (?) Panama (Stimpson). 

PORTUNID^. 

CaUinectes omatus Ordway. 

Caravellas! ( Hartt). f — Cumana; Hayti; Tortugas; Biharoas; South Carolina (Ord- 
woy). Bermudas! (J. M. Jones). 

CaUinectes larvatus Ordway. 

Bahia! (Hartt). — Hayti: Tortugas; Key West; Bahamas (Ordway). 
CaUinectes Danm Smith. 

Pemambuco ! (Hartt). Rio de Janeiro (Dana). 
AchdoUs spinimanus DeHaan. 
Rio de Janeiro (Dana, Heller). Bahia! (H'lrtt).^ — ^South Carolina (Stimpson, A. F<d- 
wards). West Fl()ri<la! (E. Jewett). Martinique (A. Edwards). 
AcheloUs Ordtoayi Stimpson. 

Bahia 1 (Hartt). — St. Thomas; Tortugas; Bay Biscayne (Stimpson). 
Ac/ielods Seboe. {Neptunus Sebce A. Edwards). 

''Les cote;) du Bresil'' (A. Edwards). — Martinique (A. Edwards). 
Cronius ruber Stimpson. 
Brazil (Edwards, White, A. Edwards). Rio de Janeiro (Heller). -—St. Thomas (Stimp- 
son). Gulf of Mexico; Vera Cruz (A. Edwards). Key West (Gibbes). — Panama 
(Stimpson). 



♦ This species was collected from the whole coast. It is very lively, running over 
Uie rocks and hiding in holes at low water.— c. p. h. 
f Taken in nets in shallow water on the borders of the bay. — c. r. h, 
X Taken in shallow water and sold in the market for food. — c. F. u. 
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Arenceus crihrarius Dana. 

Rio do Janeiro (Dana).— Guadaloupe; Gulf of Moxio; Vera Cruz (A. Edwards). 
Key West; South Carolina (Gibbes). New Jersey (Leidy). 

PLATYONYCinD.fi. 

(?) Carcinus Mcmias Leach. 
Eio de Janeiro (Heller, op. cit., p. 30) — European coast. 

OCYPODOIDEil. 
GoNOPLACII)^. 

Eucratopsis crassimaniu, (Eucrete crasatmanus Dana).* 
Rio de Janeiro ? (Dana). 

OcYPODIDiB. 

Gelasimus maracoani Latrcillt». 
Rio do Janeiro (Dann). Pemambuco (White). Porto Soguro; St Cruz (Eartt). — 
Cayenne (Edwards). West Indies (White). 

Odtmrntis palustris Edwards. ( G. vocans Dana). 
Rio de Janeiro (Dana, Stimpson). — Aspinwall ; Ilayti ; Texas ; South Carolina ,* Old 
Point Comfort (Stimpson). 

Gelasimua mordax^ sp. nov. 
ParA! (Caleb Cooke, ColL Peabody Acad. Sci.). 

(?) Gelasimus st-enodactyhis Lucas. 

" Br^sil " (Edwards, Annalcs dos Sci. nat, 3n»e s^rie, tome xviii, 1852, p. 149).— 
Chili (Lucas, Edwards). 

Ocypoda rhonihea Fabricius. 
Rio de Janeiro (Dana, Heller).— Jamaica (White). 

Gecarcinid^. 

Gecarcinus sp. White (List of Crust, in British Museum, p. 32). 
Pemambuco (White). 



* Stimpson, fW)m an examination of alcoholic specimens of Eucraie crenaius De 
Ilaan, ha^ shown (Boston Journal Nat Hist., vol. vii, p. 688, 1863) that DeHaan^s 
genus Eucrate is distinct from the Eucrate as described by Dana, De Haan^s genus hav- 
ing the male organs, or verges, arisiuLr fr)ii) the coxae of the posterior legs, and there- 
fore belonging to the Carcinoplacidoi of Edwards, while Dana's species has sternal 
verges, and must therefore form the type of a now genus, for which I propose the 
name Eucratopsis. The genus thus constituted appears to be nearest allied to 
Speocarcinus Stimpson (Annals Lye. Nat. Hist., New York, vol vii, p. 59. 1859), 
from which it is distinguished by the larger orbits, by the approximation of the inner 
margin of the maxillipeds, and by the much greater narrowness of the posterior 
part of the sternum. 
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Pelocarcitnis Lalandei Edwards. ( Gecarcoidea Zalandei Edwards). 

Brazil (Kdwarda). 

Cardioaoina Giumhum^ Latreille. 
Brazil (White).— Aiiiillea (Kdwards, Sauaauro). Florida Koyal (Gibbea). Capo de 
Verdea (Stinipaon). 

Cardiosoma quadratum Saussure. 
Poraambuco! (Ilartt).t-A»pinwalll (F. IT. Bradley), llayti (Sauaaure). Barba- 
doca ; St. Thomaa (Gill). 

Uca cordata, 
Bahia! (Hartt). Parfl (Ck^lL Peabody AcacL ScL).— Surinam (Linii6). 

(?) (Tea una Latreille, Edwards-J 
" Ameriquo mcridionale'' (Edwards). Rio do Janeiro (Von Martens, ZooL Record, 
vol. iv, 1867, p. G13). 

Triciiodactyudjb. 
Trichodactylus quadratm Edwards. ( T, fluviatilis Latreille ?). 
Brazil (Edwards). Rio de Jaueiro (Heller). 

(?) Trichoddctylm pttnctatus Eydoux et Souleyet ?, Dana. 
Rio do Janeiro (Dana). 

Trichodtictylus (?) Cunninghamt. ( Uca CunningJiami Bate).§ 
Tijuca, Province of Rio de Janeiro (Buto). 

Syloiocarcinus DetnUei Edwards (Archives du Museum d'Hist. nat., 

tome viii, p. 176). 
*' Dans la riviiro de T Araguya d Saliuaa, province de Goyas " (Edwards). 

Dilocarcltnis ctnarginatus Edwards (Archives du Museum d'Hist, 
nat., tome viii, j). 181), 
** Loretto, sur la lIaute*Aiuazono " (Edwarda). 

Dilocarclnm pictus Edwards (Archives du Mus6um d'llist. nat., tome 
viii, p. 181). 
*• Loretto (Iliiuto-Amazono)" (Kdwarda). 

Dilocarcinus Cast^ilnaui Edwards (Archives du Museum d'Hist. nat. 
tome viii, p. 182). 
" Salina** (province de Goyaz) " (Edwards). 



♦ Prof. ll:irtt inf ^rma me that thia apociea, which Uvea in the mangrove swamps, is 
called Guayamu. nnd that it is mentioned under that name by Fonaeca, ao the specific 
name Guanhumi in probably a mistake for Guaijamu. 

f Taken in swamps. — c. F. u. 

X According to Prof Hartt a species of Uica is still called in Brazil Tin-una. A 
tracing of the original figure of Marcgrave, however, indicates that his Vfct-una was 
not the Uca una of Latreille and Edwards, but more likely the U, cordata. 

§ Annala and Mag. Nat Hist., 4th aeries, vol. i, Juno, 18G8. p. 447, pi. 21, tig. 3. 
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GrAPSIDjB. 

OaniopsU cruerUatus DeHaan. 

Bio de Janeiro (Dana, Heller). AbrolhosI (Hartt).* — Surinam (Randall). Cuba 
(Saussure). Florida Keys 1 (Coll. Bost Soc. Nat. Hist.). 

JPachygrapsua simplex Stimpson, ( Ooniograpsus simplex Dana). 
Rio de Janeiro ? (Dana). — Madeira (Stimpson). 

JPachygrapsfus intermedius Heller (op. cit., p. 44). 
Rio de Janeiro (Heller). 

(?) Pachygrapsus innotatits Stimpson ( Go^iiograpsus innotatns Dana). 
''Locality uncertain; probably from the South American coast" (Dana). — Madeira 

(Stimpson). 
If Dana'ii specimens came from South America, as supposed, they were undoubtedly 
from Brazil, since Stimpsorvs discovery of it at Madeira shows it to be an Atlantic 
flp?cie3 and the Wilkos Bzplorin^ Rzpodition touched, on the east coast of South 
America, only at Rio de Janeiro and on the coast of Patagonia. 

JPachygrapsus n$gulosus. {Leptograpsus rugulosus Edwards). 
" Br6s\[ " (Edwards). 

This species is very likely tlie same as P. innntatu^. which, according to Stimpson, 
ia Rcarcdly to be di^tin.^ruished fk'om P, irangvermis Gribbes. EdwardH* descrip- 
tion, three lines in length, is, however, too Imperfect to determine anything in 
regard to the affinity of the species. 

JPachygrapsus niaurus Heller (Lucas). 

Rio do Janeiro (Heller). — Mediterranean (Lucas, Edwards, Heller). 

(?) JPachygrapsus marmoratus Stimpson. (Ooniograpsus varius 

Dana ?)• 

Rio de Janeiro? (Dana). — Madeira (Stimpson, Heller). Gibraltar (Heller). Medi- 
terranean (Edwards, Heller). 

Cryptograpsus cirripes Smith. 

Rio de Janeiro I (ColL Peabody Acad. Sci.). 
NautUograpsus sp. (" Planes " White). 

Brazil (Wli te. List of Crust, in British Museum, p. 42). 

Cyclograpsus integer Edwards. 

Brazil (Edwards). — Florida (Stimpson). 

Selice granulataM^Xer (op. cit., p. 61), {Chasmagnathus granular 
tus Dana). 
Rio de Janeiro (Dana, Heller). Rio Grande I (Capt. Harrington, Peabody Acad. Sci.). 

(?) Sesarma angustipes Dana. 

South America (Dana). — Aspinwall; on the east coast of Central America, neae 

Gray town ; Florida (Stimpson). 
Since this has proved to be an east coast and tropical species, there can be littl 

doubt that Dana's specimens were from Rio de Janeiro. 



* Found running about over the rocks at low tide on the frioging reef. It did not 
appear to be common. — a f. h. 
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Aratus JPisonii Edwards. {Sesarma Pisomi Edwards). 
Rio de Janeiro (Hollor).— Antilles (Edwards). Jainaicn (While). Florida (Gibbes, 
Stimpson). 

CALAPPOIDEA. 

Hepatid^. 

Jfepatus angtistatus White. {II. fasciatus Latreille, Edwards). 
Rio de Janeiro (Dana, Heller). — Aspinwall (Stimpson). 

ANOMOURA, 

Dbomid^. 

Dromidia AntiUeiwis Stimpson. 
Abrolhos! (Hartt). — St. Thomas!; Tortugas; Key Biscay ne (Stimpson). 

PoRCELI^NIDAfi. 

PetrolUthes leporinus. {Porcellafia leporina Heller). 
Rio de Janeiro (Holler). 

The figure and description g;iven by Heller would scarcely distinguish this species 
iVom the /^ armatta Stimpson (Gibbes sp.). 

Petroliathes Brasilienais, sp. nov. (Porcdlana Poscii? Dana, p. 421, 
pL 26, iig. 11, non Savigny, Crust. Egypt, pi. 7, fig. 2)» 
Rio de Janeiro (Dana). 

PachycJkdes moniliferus Stimpson (Dana). 
Rio de Janeiro (Dana). 

PorceUana frontalis Heller. 
Rio de Jan^ro (Heller). 

Minyocerus angitstus Stimpson (Dana). 
Rio de Janeiro (Dana). 



HlPPID^. 



Hippa emerita Fabricius. 
Rio de Janeiro (Dana, Heller). 



CsNOBrni>.£. 
Cenobita Diogenes Latreille. 

Brazil (White, List of Crust, in British Museum, p. 61). 

Pagurid^. 

Petrochirtis granulatvs Stimpson (Olivier). 
Rio de Janeiro (Dana, Heller). Abrolhos! (Hartt). — ^Antilles (Edwards) Key 
West (Gibbes). West coast of Florida I (E. Jewott). 



% 
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Calcinus sulcatus Stimpson (Edwards). 
Abrolhos ! (Hartt).— Antilles (Edwards). 

White reports G. tibicen Dana from Brazil and the West Indies, but as he included 
C. 8ulcatus as a synonym, his specimens wore perhaps all of this species. 

Clibanarius Brasilienais Dana. 

Rio de Janeiro (Dana). 

Clibanarius Antillensis Stimpson. 
Abrolhos I (Hartt). — Barbadoes (Stimpson). 

Clibanarius vittatus Stimpson (Bosc). 
Abrolhos! (Hartt). — Key West; Charleston (Gibbes). West coast of Florida 1 (E. 
Jewctt). 

Clibanarius sdopetarius Stimpson (Ilerbst). 
Caravellas River, in the Province of Bahial (Hartt). — Trinidad (Stimpson). 
Aspinwall I (F. H. Bradley, Stimpson). Tortugas (Stimpson). 

Eupag^urus criniticornis Stimpson (Dana). 
Rio de Janeiro (Dana). 

(?) Eupagurus scabriculus Stimpson (Dana). 
Brazil? (Dana). 

(?) Galateid^. 

Under the name of Galathea amplectens^ Fabricius, in his supple- 
mentum fintomologisB systematica, p. 415 {teste Edwards), has des- 
cribed a crustacean from Brazil which seems to be unknown to 
subsequent writers. It is probably not a true Galathea, 

MACROURA. 

SCYLLARID^. 

ScyUarus asquinoxiaZis Fabricius. 
BrazU (White). Bahia ! (Elartt).*— Antilles (Edwards). Key West (Gibbes). 

Palinurid^. 

Panulirus arg^is White. {Palinurus argus Latreille, Edwards). 

Bahia (White).— Antilles (Edwards, White). 
Panxdirus echinatus Smith. 

Pard! (Hartt) f 

FAL^MONIDiK. 

Alpheus heterochelis Say. 
Abrolhos! (Kartt). — Aspinwall 1 (F. H. Bradley.) Cuba (Saussure). Key West 
(Gibbes). West coast of Florida 1 (E. Jewott). South Carohna (Gibbes, Say). 



* Tuken in shallow water on the borders of the bny and used for food. — c. f. n. 
f Used for food and sold in the market I have seen it from much farther south. — 

C. F. H. 
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Alpheus tridenttdaiua Daua. 

Rio de Janeiro ? (Dana). 

Alpheus maUeator Dana. 
Rio do Janeiro ? (Dana). 

Hippolyte exilirostratus Dana. 
Rio de Janeiro (Dana). 

Hippolyte obligftumanus Dana. 
Rio de Janeiro (Dana). 

Palmmon Jmnaicensis Edwards. 
Pen6do, Rio Sao Francisco I (Hartt).* Pemambuco (White). — Antilles (Edwards). 
Antilles and Gulf of Mexico (Saussure). 

PalcBmon spiiiimanus Edwards. 
Brazil (Edwards, White).— Antilles (Edwards). Cuba (Gibbes). 

PalcB/non Olfersii Weigm&n (Archiv ftlr Naturges. 1836, p. 160). 
"An der Kuste Braziliens " (Wiegman). 

Palosmon forceps Edwards. 
Pemambuco (White). Riode Janeiro (Edwards). Mouth of the PardI (Hartt). — 
Antilles, Gulf of Mexico (Saussure). 

Paksmon acanthurus Wiegman (loc. cit., p. 150). 
*' Das Yateriand ist die KUste Braziliens " (Wiegman). 

PalcBmon ensiciUits Sniitli. 
ParAI (Hartt). 

(?) " Palmmon Lamarrei Edwards ? " (White). 
Pemambuco (White). — Cotes du Bengale (Edwards). 

PsNEIDiE. 

ISicyonia carinata Edwards. 
Rio de Janeiro (Edwards, Dana). 

Peneus Brasiliensis Latreille. 
Brazil (Latreille, White). Bahial (Hartt).— West coast of Florida I (E. Jewett). 
South Carolina (Gibbes). 

Peneus setiferus Edwards. 
Rio de Janem) (Heller).— Florida (Edwards). South Carolina (Gibbes). 

Xiphopeneus Harttii Smith. 
Caravellas, Province of Bahial (Hartt). 

* This species, called pitu^ is quite common in the river Sao Francisco and the 
larger streams flowing into it.— c. f. h. 



\ 
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SQUILLOIDEA. 

Squillid^. 

JjysiosquiHa inomata Dana. 
Rio de Janeiro (Dana). 

SquiUa rubro4ine(ita Dana. 

Rio de Janeiro (Dana). 
SquiUa prasino-lineata Dana. 

Rio de Janeiro (Dana). 

SquiUa. scabricaxida Latreille. 
BrazU (White). 

Oonoda^ctylus chirag^ra Latroille. (?) 
AbrolhosI (Hartt). Caravellaa, Province of Bahia I (Ilartt).— Afipinwall ! (F. H. 
Bradley). Florida Keys I (Gibbes). Bermudas I (J. M. Jones). — Mediterranean ; 
Red Sea ; Pacific Ocean (Authors). 

Erightiiid.k. 
.EHcht/ius vestitus Dana. 

South Atlantic, lat. 2b^ south, long^. 44° west (Duna). 

JErichthus spiniger Dana. 

South Atlantic, between Rio Janeiro and Rio Negro (Dana.) 

MYSIDEA. 

Mysid^. 
Macromysis gracilis Dana. 

Rio de Janeiro (Dana). 

jRachitia spinalis Dana. 

Allautic, off the harbor of Rio de Janeiro (Dana). 



Lucifer n>yK. 



Jjucifer a/ncularis Dana. 
Harbor of Rio de Janeiro (Dana). 



2^€a rubella Dana. 

South Atlantic, lat 24° 45' south, long. 44° 20' we»t (Dana 

Zoea echifius Dana. 
Atlantic, lat 23° south, long. 41° 5' west (Dana). 



% 



EXPLANATION OP PLATE I. 

Figuro 1. — X'phopeneM Haritii^ male, cophalothorox ; a, b, c, d, o, thoracic legs, 
those of the fourth and fifth pairs incomplete, la, appendages of the 
first segment of the abdomen in the same specimen, lb, rostrum of a 
larger, female specimen ; Ic mandible enlarged two diameters, 

Figure 2. — Rilxmon tnsiculus^ male, carapax ; 2a leg of the second prtir ; 2b, extremity 
of abdomen, seen from above ; 2c, rostrum of a small female. 

Figuro 3. — Crypiogrnpsus cirripeSj male; 3a, sternum and abdomen of the same spe- 
cimen. 

Figure 4. — Pa opeua politus^ female, carapax enlarged two diameters. 

Figuro ft. — Piinopeus Hirttii^ male, campax enlarged two diameters. 

All the fI:^uros are natural size, except Ic, 4 and 6, and all are copied from photo- 
graphs, except la and Ic. 




Si})lantaunu.—/i., AlUnfftown Tillage. B, Beaoon Hill. Bh, Beaver Hills. Ch, Cliei' 
Ij HilL K, Rnat Rock mn^ro, consiBtinK of Kaat Rock proper to tbo norUiweBt, Indian 
Head, aud tlien Snake Rock. Kd, Edgowood, the estate of Donald G. Mitchell, 
Esq. F, Port Hnlc F, Ferry Point, or Red Roek, on Iho Quinnipiac near its mouth. 
J, Jud)KH' Cave, on the West Rock ridfce. L, Light House. U, Mill Rock. M P, 
Ualtbf Park, oaly three of tlie proposed lakes of which arc conBtnicCcd, 0, Oyster 
Point. P, Pine Rock. Rd, Round Hill. Rt, Rabbit or Poter'a Rock. Sm, Sadiem's 
tidge, T, Turnpike; ali>o TomJinson's bridge, acrou the he«d of Now Haven bay. Y, 
the viilafce of Whitnovrllle. \V, West Rock, llie south end of West Rock ridge. WC, 
West Cape, or West Haten Point Wh, Whitney Peak. WL, Winlergreen Lake, 
just north of Wintergreeii Falls. Wn, Warner's Rock, 

brn, Bcnver Pond Mcndowa; m, Mineral Spring, southeast of North Hareu; n^,i^, 
«•, n*, different notches in the West Kock ridgo ; n', tfi, the upper and lower Belliany 
Notches; n', the Hsnidon Notch; n\ \Vintor({reen Notch. Tlio names of the towns 
ORANGE, WOODBBIDOK, BKTHANY show the course of the Woodbridge plateau; 
and from W in the word Wcstrille to Savin Rock is the courae of the Edgowood scries 
or hills, the eastern b<»der of the plateau. 

Scale 4-lOtlis oT an Inch to the mile. 



II* Ox THE Geology of the New Haven Region, with special 

REFERENCE TO THE OrIGIN OF SOME OF ITS TOPOGRAPHICAL FEA- 
TURES. By James D. Dana, 

with a map. 

1. The New Hayek region. 

Either side of New Haven bay, — an indentation of the coast about 
four miles in depth, — there is a north-and-south range of hills, the 
trap and sandstone ridges of East Haven and North Haven on the east, 
and the eastern portion of the Woodbridge plateau on the west ; and 
these make the eastern and western boundaries of the New Haven 
region, Tlieir height, which is greatest to tlie north, probably nowhere 
exceeds 600 feet. The width of the region varies from about four 
miles on the south to seven on the north, and the whole length from 
the Sound to Mt. Carmel — its true northern topographical limit — ^is 
twelve miles. The northern half of the region is divided longitudi- 
nally by two lines of ridges : (1) the long West Rock trap ridge near 
the western side, four hundred feet and upward in height ; and (2), 
nearly midway in the area east of West Rock, the short isolnted East 
Rock (E) range of trap and sandstone, and the continuation of this range 
northward to Mt. Carmel in the low Quinnipiac sandstone ridge which 
divides the waters of Mill River and the Quinnipiao. The New 
Haven region lience consists in its northern half of three subordinate 
north-and-south regions; (1) a narrow valley west of West Rock, 
drained by West River; (2) a broad central plain (the Hamden plain), 
continuous with the New Haven plain, rising into hills to the north- 
ward, and drained along the east side .by Mill river ; and (3) a wide 
eastern portion occupied by the river-course and the extensive meadow 
lands of the Quinnipiac, in other words, the wide valley of the Quin- 
nipiac. South of East Rock, the central New Haven plain blends with 
that of the Quinnipiac. The West Rock ridge to the north throws 
off a branch on the east which curves around to Mt. Carmel and forms 
the northern boundary of the central of the three subordinate regions. 
This central region is partly subdivided across, on a line, nearly, with 
West and East Rocks, by two short trap ridges ; Pine Rock, (P) a third 
of a mile from West Rock, and Mill Rock, (M) which adjoins East Rock ; 
the width of the interval between the two is nearly a mile. Mill 
River passes through a deep cut in the Mill Rock ridge, at the vil- 
lage of Whitneyville. A clear idea of the topography of the region 
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is necessary in order to an appreciation of the observations that 
follow. 

2. Qexeral cgttbse op Geoloqical events before tue Post-teetiart era. 

One of the last events of the Paleozoic ages was the formation of 
the Connecticut Kiver valley, by the bending of tlie earth's crust ; 
and this took place as a sequel to, or in connection with, the crystalli- 
zation of the granite, gneiss, crystalline schists, and other similar rocks, 
which make the bottom of the valley. 

The first fact of the succeeding age, the Reptilian, of which there is 
record, is the existence of a Connecticut valley estuary, twenty miles 
or more wide, stretching from New Haven to northern Massachusetts, 
(New Haven being the proper southeni termination of the valley and 
estuary), and the commencing deposition in this estuary of the Red 
Sandstone formation. The production of this formation is believed to 
have taken the whole of the Triassic period, the first period of the 
Reptilian age, and also part of the next or Jurassic period. 

After, if not before, the close of the Sandstone era there were erup- 
tions of trap — a rock that came up melted through wide fissures in the 
Bandstone and subjacent rocks. East and West Rock, Pine Rock, 
Mill Rock, Mt. Carmel, the Meriden Hills, are ridges of trap along 
with what remains of the old sandstone walls. The sandstone in the 
vicinity of the dikes, or near any fissures, through which heat and 
vapor escaped, was more or less hardened by the heat, and rendered 
comparatively durable; while other portions were left unliardened 
or but little so, and therefore in a state admitting of easy erosion and 
removal Cotemporaneously w?th the ejections of trap, veins of cop- 
per were made, as those of Bristol, Simsbury, Cheshire, etc. ; and 
veins of barytes, as those of Cheshire. 

The thickness of the sandstone formation in the New Haven region 
is not yet ascertained ; in Massachusetts, it is according to the lowest 
estimate three or four thousand feet. There is abundant evidence 
that its beds once covered the top of East Rock, now 300 feet in alti- 
tude, and if so it reached upward to a level which is now at least 400 
feet above the sea. Many of the trap ridges to the north in the 
Connecticut valley were also once topped with sandstone, although 
much higher than East Rock. West Rock has a height of 400 feet, 
and the West Rock ridge, between Hamden and Woodbridge, over 
600 feet; Mount Carmel about 800 feet; Middletown mountain is 
899 feet high ; West Peak, the western summit of the Meriden Hang- 
ing Hills, 995 feet; Mount Holyoke 985 feet, but the highest point of 
the Holyoke ridge, a little farther to the east, 1126 feet; and Mount 
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Tom, 1211 feet. (Tlie last four altitudes are from Prof. Guyot's 
measurements.) Although the precise original elevation of the sand- 
stone about these heights is not certain, there is no doubt of the great 
increase of height to the north. This however was not one of the 
original conditions of the rock, for the beds were made in one com- 
mon estuary aid nearly to a common level. It has resulted from an 
uplift which affected the interior of New England more than its south- 
em borders ; and the trap also owes much of its greater height to 
the north to the same uplifl. 

The sandstone mass intersected by dikes of trap constituted the 
block out of which the future New Haven region was to be carved by 
various denuding forces. The hard dikes of trap, and the distribution 
of the hardened sandstone among those feebly hardened, had great 
influence in guiding the modeling agencies and determining the 
^ture features of the country. 

At the time of the eruptions, or soon after, the land before submer- 
•ged rose above the level of the waters ; rivers took size and direction 
according to the slopes ; the estuary dwindled into the Connecticut ; 
and the Connecticut, finding in its way the trap dikes of Weathers- 
field, Berlin and jMeriden, and also elevations of sandstone, took a 
route, in the latitude of these hills, to the eastward. So the river 
"was lost to New Haven.* Other changes in the old hydrographic ba- 
sin of the Connecticut valley have taken place since the throwing up of 
the trap dikes, and part of the following may date from that event. 
Farmington river, which in Triassic times flowed into the estuary from 
the western heights of Massachusetts and northern Connecticut, still 
enters the Farmington region ; but near Farmington it turns abruptly 
north J flows in that direction sixteen miles, at the foot of Talcott moun- 
tain and other trap hills of the range, then makes a cut through the 
range into the Connecticut river valley and joins that river. The 
Quinnipiac, which starts in the Farmington valley just l»elow the 
northward bend of the Farmington river, on approaching the region 
of the trap hills of Cheshi e bends eastward out of the valley in front 
of the Hanging Hills of Meriden, into the valley where the Connec- 
ticut river might have had its course but for the trap eruptions and 
disturbances ; and finally, the Farmington valley being thus deserted 
by the Quinnipiac, Mill river at this point commences its flow, taking 
its rise in the adjoining hills, and becomes the principal stream for 
the rest of the valley southward to New Haven bay. 

During the Cretaceous period closing the Reptilian age, and the 



♦ This view was brought out by the write. iH Ward's Life of Porcival^ p. 420. 
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Tertiary period which opened the Mammalian age, no marine forma- 
tions were here made ; and there is hence no proof that in the long 
interval between the origin of the trap dikes and the Glacial epoch, the 
land of the region, or of any part of central New England, was at any 
time under the sea. Whatever the fact, there must have been, during 
the time that elapsed, a large amount of denudation over the region ; 
80 that West Rock, Pine Rock, Mill Rock and East Rock finally be- 
came prominent above the plain, although much less so than now. 

3. General character and results of the Post-tertiary period. 

Next came the Post-tertiary period, the last in Geological history. 
In order to understand the following remarks it is necessary to bear in 
mind that the Post-tertiary in America, as the writer has elsewhere 
shown,* included three eras, corresponding to three great changes 
of level over the northern portion of the Continent. 

1. The Glacial epoch ; when the land stood at a higher level than 
now, and a universal glacier and a frigid climate covered the continent 
north of the parallel of 40°, (not a sea with icebergs, as facts about 
New Haven demonstrate.) 2. The Chiunphnn epoch, an era of subsi- 
dence ; when there was a sinking of the land below its present level, 
resulting in a mild climate and a melting of the great glacier ; sub- 
merging beneath the sea the land along the coast, and giving great 
extent to lakes and rivers. 3. An epoch of elevation; bringing the 
land up to its present level, and raising the submerged sea-shore and 
river flats to a habitable and cultivable height, thus making them 
available for man. The movements were up — down — up; up for the 
Glacial era, down for the era following, and up again for the third or 
finishing era. The origin of the features of the New Haven region 
cannot bo understood without keeping constantly in view these three 
great movements of the land. In the first of these eras this region 
stood probably one or two hundred feet above the level of the sea; in 
the second sixty-five feet or more, and afterward forty and less, below 
the present level ; and in the third it passed gradually to its present 
condition. 

With reference to the question whether icebergs may not have been 
the agent in the glacial era instead of glaciers, a single argument only 
need here be brought forward. Icebergs, as is well known, are frag- 
ments of glaciers broken off in the sea into which they descend ; and 
the freight of stones and gravel they bear was received mainly when 
they were in the glacier condition. The boulders of the Connecticut 



* Am. Jour. ScL, n, xxli, 326, 346, 1856| and Manual of Geology. 



Topographical Features of the New Ilnven region, 49 

valley if brought by icebergs, should hence have come from the White 
Mountains, or perhaps from some Green Mountain peak, for these would 
have been the only summits above the water in a sea (covering the 
valley to a depth of four thousand or more feet (tlie depth tiiat the 
distribution of boulders requires). But, on the contrary, the boulders 
of the New Haven region, 1000 tons and smaller in size, are mainly 
from the trap and sandstone hills of the valley itself, either in Con- 
necticut or Massachusetts, and the adjoining plateau of gneiss, etc. ; 
they are from the depths of the imagined sea, and not from the 
heights above it. Icebergs could not therefore have done the work of 
transportation. In the Glacial era, then, all Xew England and, prob- 
ably, the whole northern portion of the continent, was covered with 
ice. It is well known that the Glacier theory is sustained by the ex- 
plorers of the Alps, Professors Agassiz and Guyot.* 

4. Condition and Effkcts dueino the Glacial eea. 

The Connecticut valley glacier lay under the general glacier-blanket 
of the continent, or rather was a part of the lower portion of it. It 
extended from the summits of the Green Mountains on the west to the 
dividing height of land on the east, having a width of 1 00 to 120 miles ; 
it was therefore sufficiently large to have almost entirely an independ- 
ent motion, determined by the slope of the valley ; which would make 
the prevailing direction of movement southward, or mostly between 
south and 12® west of south. 

The direction, according to Prof. Hitchcock, of the scratches on 
Mt. Monadnoc in New Ham[)shire, which extend even over its sum- 
mit 3,718 feet in altitude, is southward; and the same authority 
gives this as the course in Deerfield, Greenfield and other places in 
the Connecticut valley, as well as on Mt. Tom and Mt. Holyoke. It 
is the course also in one of the gorges of Mt. Carmel. East of the 
Hanging Hills of Meriden it is south-southwest, an<l Percival at- 
tributes the unusual amount of westing to the trend of the adjoining 



♦ Dr. Newberry, in an excellent paper on the Surface Goolojjry of the Great Lakes 
and the Valley of the Mississippi (Ann. Lye. X. York, ir, 1869), sustains the glacier 
theory of the drift for the country, but gives reasons for making part of tlie urea of 
the Great Lakes an iceberg region in the closing Glacial era. The author presents 
many other points of interest with regard to the successive events of the Glacial and 
Champlain eras, and in the course of his remarks, observes that tliere could have been 
no true lateral moraines. He makes the depositions of drift over the hills and the 
stnitified material of the valleys and plains essentially cotemporaneous, regarding them 
as liaving resulted partly from iceberg transportation, and partly from distribution by 
waters flowing away from the margin of the ice, or from beneath it, as it slowly melted. 

Trans. Connecticut A gad., Vol. IL 6 Sept., ]869. 



60 J, D, Dana on the origin of some of the 

tnip hills. Some deviation from the general course would take place 
wherever there are high ridges or deep valleys varying in direction 
but little from the main course of the movement, just as a deep 
trough in the bottom of a stream oT water set a little obliijuely tt> 
the current would deflect the waters and give them more or less 
nearly its own course;* and this is what Percival observed in the val- 
ley l)etween the Hanging Ilills of Meriden and Lamentation Mountain. 
In Kast Haven, on the eastern border of the New Haven region, the 
direction is S. 1 3° E. The facts sustain the conclusion that the gene- 
ral course was that of the Connecticut river valley. To the westward 
of the central portion of the valley, over the eastern Green Mountain 
slope, the general course, as various observers have shown, is to the 
east of south, or about south-southeast^ which is a natural resultant of 
the two forces — that i)roducing the maui southerly movement, and 
that arising from the eastward, or E. by S. elope of the surface. 

As the slope southward was very small compared with that in the 
Alps, the motion was much slower — probably not exceeding a mile in 
a century, which is equivalent to about a foot a week. The move- 
ment was not continuous at this rate, but by starts, at longer or short- 
er intervals — weeks, months or years — as the resistance could be over- 
come. . Having a thickness to the north of" more than four thousand 
feet, the presbure it exerted wherever its lower surface rested was 
enormous, and when it did move the abrasion was commensurate with 
it. It was not, like an Alpine glacier, confined between the slo])ing 
sides of a valley, the declixities of which aided largely in its support, 
and so relieved the bottom partly from pressure ; it lay spread out 
over the plains and hills resting heavily upon the most of the surface 
beneath it. 

The movement produced three results, as has been well illustrated 
by the principal authorities with regard to glaciers. First, a break- 
ing of the brittle ice wherever there was friction, resulting in opening 
immense crevasses where the resistance was great (for the gla- 
cier owes its power of movement to the facility with which it breaks 
and mends itself ) ; secondly, the abrasion of the rocks beneath, re- 
sulting in a ploughing out of the soft half-hardened sandstone to 



* In the case of Iwge continental valleys, the glacier followed the course of the val- 
ley even when this course was east-and-west, as is shown by the author to litive been 
tnie of the Mohawk valley, in his Geology (p. 751), and in the American Journal of 
Scienw, [2], vol. xxxv, p. 243, and by Dr. Newberrj-, with reference to other regions, 
in the paper referred to on the preceding page. 
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great depths,* and less deeply the harder rocks, and in dislodging mass- 
es from the dikes and other rock formations which had been previously 
loosened in any way, the masses sometimes many tons in weight ; tliird- 
ly, the taking up of thfe sand or gravel, stones and rocks, thus separated 
or dislodged, into its own mass, which it was enabled to do because of 
the attendant breaking up of the ice just alluded to, and the readi- 
ness with which ice becomes solid again by regclation after a shoit 
rest. Thus the glacier moved slowly on, engorging itself with what>- 
ever loose material it made, as well as with what it found in its path. 
The glacier was made ready for its great work of abrasiou either in 
the way of rasping, phining, channeling or ploughing through the 
sand, stones and rocks with which it was shod. The hard granite 
rocks east of New Haven, as is exhibited at Stoney Creek, were mark- 
ed by the glacier not only with scratches but with broad furrows six 
inches to a foot in depth ; and this in addition to an unknown amount 
of planing above the present surface. The soft red sandstone of the 
region easily yielded under the pressure, and was ground up and 
ploughed out in some places to a depth of several hundred feet, the 
material bemg absorbed at the same time into the icy mass. Hills 
and ridges lost much of their height, and those of trap were exten- 
sively stripped of their associated sandstone. The isolated East Koek, 
lying north and south, or in the direction of the movement, between 
the Mill River valley and that of the Quinnipiac, was abraded both 
along its western front and on the rear, and left nearly bare of sand- 
stone on both sides. Pine Rock, an east and west ridge, besides im- 
dergoing an unknown amount of decapitation, lost the sandstone on 
its northern side for the upper sixty feet, and a wall of trap of tliis 
height is left bare. Mill Rock suffered a like fate with Pine Rock ; 
for the north wall of the trap dike projects in places twenty or twen- 
ty-five feet above the sandstone. Whitney Peak is in like manner 
bare of sandstone on its north side for forty feet from the summit. 
At the Fair Haven sandstone quarries and over the country near the 

* While this sandstone is hard OQ')u^h tor an excoUent building stone in some por- 
tions of the Connecticut valley, and often very hard-baked in the vicinity of tlie trap 
dikes, a large portion of that exposed to view over the New Haven region a little 
remote from the trap is so soft that it is easily dug up by a pick, and sometimes even 
by an ordinary shovel ; so that we have reason for regarding the strata of it underly- 
ing the most of the New Haven plain, or its alluvium, as of tliis soft kind. Part at 
least of the hardening and reddening of the sandstone was evidently due, as stated 
above, to the heat that escaped in connection with the trap eruptions and from fissures 
opened in their vicinity ; and in regions where there was no heat from these sources 
the rock was but little hardened 



52 «7I 2>. Dana on the origin of sonie of the 

]Milford turnpike, the removal of the soil in several places has ex- 
posed large surfaces that were planed and grooved by the glacier; 
and there is no doubt that but for the coverinjj: of earth the rocks in 
all directions would be found glacier-marked. 

The stimes, or boulders, in the foot of the glacier, that were scratch- 
ed and polished while doing this work of abrasion, are often to be 
found where the drift of the hills has been freshly uncovered. One of 
four tons weight lies on the roadside along the 3Iilford turnpike, a 
few rods above Allingtown ; and many others of smaller size have 
been thrown out at the recent excavation for the Derby railroad, near 
the toll-gate on the same roacL 

By the means mentioned an immense amount of rock material was 
taken aboard the glacier for transportation southward ; and yet there 
were no lateral moraines in the ordinary sense of this expression. 
The surface of the Connecticut valley glacier was white and spotless. 
From the Green Mountain ridge to the White Mountains of New 
rram])shire there was not a i)rojecting peak to afford a grain of dust. 

The special eftects of the glacier over the New Haven region inclu- 
ded the making (a) of hills, and [h) of valleys or excavations. 

First — Its Excacatlons. — The excavations would naturally have 
been most extensive where there was no trap or other hard rock in 
the way to prevent deep ploughing. The valleys of the Quinnipiac 
and West River beyond doubt date their origin long bivck of the Gla- 
cial era, from the time the trap and sandstone ridges which bound 
them were first thrown up above the level of the sea ; but still they must 
have been scoured out by the moving ice, and have had their depth 
and width much increased. Whether the work of the ice or not 
is uncertain ; yet it is a fact that the whole western side of the West 
river valley is stripped clean of the sandstone which once existed 
there, and which was a part of the formation that originally stretched 
across to the top of the West Rock ridge ; not a square yard of 
sandstone is left in place over the metamorphic rocks of its western 
slope. The close shaving of the sandstone on the east side of East 
Rock, and its still more complete removal on the west side, have been 
abxjady alluded to as probably part of the effects of the glacier. Be- 
sides the excavations in these valleys, others very extensive must 
have been made over the whole central part of the New Haven region, 
from its southern limits to the mountains on its northern border in 
Hamden; for this was the great central valley of the region. 

Among the depressions over this region, the most remarkable is that 
of the Bettver Pond Meadows (brn^ in the map). It is a large marshy 
area sunk 20 feet below the general surface, lying in the center of the 



Topographical Features of the New Haven region, 53 

New Haven plane, between the trap hills, Pine Rock and Mill Rock* 
It crosses the borders of the towns of New Haven and Hamden, and 
has a length from north to south of 1^^ miles, and an average breadth 
in its southern half of a fourth of a mile. The basin receives almost 
no outside water, and yet gives exit to a stream which in its descent 
of 22 feet to West river affords water power to two or three manufac- 
turing establishments. In its wide and flat meadows, and its high slo- 
ping bank of 20 to 30 feet^ looking like the terrace slope of the river val- 
leys, it appears as if it were once the course of a large stream ; yet it 
not only receives no water at its head, but not even an old dried up 
chaimel ; moreover the outcrops of sandstone less than a mile to the 
north afford no evidence of the fonner existence of such a channel 
leading toward the ^leadows. This absence of proof that any river 
ever discharged itself through the dej)ression is j)art of the evidence 
that its excavation was the work of the glacier, as explained beyond. 

If the Beaver Pond depression was excavated by the glacier, we 
should naturallv look for a continuation of the chainiel southward to the 
New Haven bay. This channel was probably that of the old West 
Creek — a vallev with similar broad meadows and distinct terrace 
8lo])e8, terminating in the northwest angle of Xew Haven bay.f Al- 
though now nearly dry throughout and covered by streets and houses, 
two and a half centuries since it was large and deep enough to give 
entrance to Whiting street for vessels of consi<lerable size, and as far 
as College street for boats. Tlie connection between the Beaver Pond 
meadows is cut off by the alluvium — a dejmsit of the era following 
the Glacial ; but a series of large an<l once deep depressions lies be- 
tween them and both are in nearhj the safwi north-a? id-south line. 

There are also two other broad valley like dei)ressions lea<ling off 



* 0>i'injf to a defect in tlie enj^ravinj^, the position of only the southern part of tlie 
Beaver Pond basin {J/m) is ^iveii on tlie map. The dotted outline sliould have been 
extended northward, by tlie east end of Pine Rock (P.). 

\ P^ast and West Creeks, as they are now oblitenited channels, arc not on tlie map. 
They may bo put on, with a lead pencil : for t^tist Creak, by drawinjf a line from a point 
just east of the soutliem end of the Beaver Pond depression ipm) e istward to the Ca- 
nal road, then alonj^ tlie course of this road southward, and thence to the head of the 
Now Haven bay west of its cent- r ; and for West Crttk^ by starting,' the line a little 
west of south of the extremity of the Beaver Pond basin and continuinjrit to the north- 
west angle of the bay. Each was about 1^ m. louj^^; yet for half a nule the channel in 
botli cases was a broad tidal inlet. The city of New Haven was orij^inally laid out at 
the head of the bay, between these two creeks, the west side of its half mil4f square 
(George street) against the West Creek valley, and the south and east sides (State and 
Grove streets) near East Creek. 
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from near the southern extremity of the Beaver Pond basin, but to the 
tastward. One passes near Webster street, and the other by Muiison 
street, and the two unite in the valley of the former JSttst Creek^ 
now occupied by the Canal Railroad. They are evidently contin- 
uations of the Beaver Pond depression, and it may be questioned 
whether these were not also courses of the Beaver Pond glacier 
excavation. But although broad, they are comparatively shallow 
and have gently sloping sides ; and the course of each is east-and- 
west, or transverse to that of the gh icier movement. We conclude 
therefore that they were probably a result of the tidal currents and 
waves of the following or Champlain epoch, and of the later action 
of surface waters. It is to be remembered that the glacier made 
its excavations in the strata underlying the superficial alluvium. 

We should naturally look also for a northern continuation of 
the Beaver Pond depression. But we have already state<l that 
the appearances at its northern extremity indicate its rather abrupt 
commencement at that point. Half a mile to the eastward of the 
depression, and as far south of its northern end, there is a broad 
channel leading northward which is the course of what is called on 
the map Pine Marsh Creek; and the question comes up whether 
this was not the northern part of the Beaver Pond depression, and 
therefore whether Mill river did not once discharoje its waters through 
it and thence enter the bay by West Creek valley. The southwest- 
ern part or extremity of this gi'eat depression (situated near the 
junction of Goodrich street and the Canal railroad and close by tlie 
present terminus of the Shelton Avenue railroad), reaches within 300 
yards of two broad northeasterly channels leading down into the east- 
ern bays of the Beaver Pond basin. The valley is so broad, and so 
al»rupt in the slopes whicli bound it, that it appears as if large enough 
to be the course of a river. Tlirough its now sluggish waters, clumps 
of bushes rise in most parts from the sliallow bottom.* 

Tliese facts seem to favor the conclusion that we have here actually 
found the northern continuation of the Beaver Pond channel. But the 
valley widens northward instead of toward the Beaver Pond depres- 
sion, and the creek flows at the present time in that direction, start- 
ing just south of Mill Rock and entering Mill River 1^ miles north 
of Whitney ville (V.) Another view with regard to it we regard as 
much more probable. 



* Owing to the dam at Whitnoyville, the water of Mill River is not only sot back 
for two miles and more up the valley, but also flows back into Pine Marsh Creek val- 
ley for more than a mile, to within a short distance of Mill Rock (See Map.) 
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At the mouth of Pine-Marsh Creek, Mill River takes a bend a little 
to the eastiioard of south, wliile the creek has a course as much to the 
toeatward of south, and Mill Rock stands between the extremities of 
the V thus made by the two channels. In this position of Mill Rock, 
we find the explanation of the facts referred to. 

The great glacier having had its ploughing under-surface shaped by 
the gap west of Mt. Carmel, through which Mill River passes, moved 
southward, excavating the valley of 3Iill River, while, at the same 
time, abrading the soft strata over the hills and plains. The Mill 
Rock dike, making now a ridge 200 feet in height, stood in its path, 
the brittle ice confronthig the unyielding trap mountain. Under such 
circumstances, it would have been a natural consequence that at some 
point north, the brittle ploughshare should have divided, tlie smaller 
part to pass toward the Whitney ville opening, by the east end of Mill 
Rock, and make a shallow furrow because of the hard trap rock under 
foot at the gap ; the larger part, encountering only the soft sandstone, 
to plough out the deep broad valley of Pine-Marsh Creek, leading by 
the west end of Mill Rock and almost directly toward the Beaver 
Pond region. 

The question arises whether the excavation was continued into the 
Beaver Pond basin and thence southward to the bay, or whether 
there was a lifting of the ploughing j)ortion of the glacier through 
the elevating action of Mill Rock and merely a transfer of the exca- 
vating pressure to a line more to the westward — the process of trans- 
fer producing the six or eight bays characterizing the eastern side of 
the Beaver Pond depression and the ])road southwesterly surface 
channels which lead into them. In the former case, Mill River would 
have run through the Beaver Pond excavation and West Creek ; in the 
latter, the waters of Pine-Marsh Creek would always have been trib- 
utary to Mill River in its present position ; for in the Glacial era they 
would have been those of a sub-glacier stream, and these would have 
become far more abundant in flow during the melting of the glacier, 
and thus have made a stream commensurate with the Pme-Marsh 
Creek valley. 

There are three objections to the view that Mill River once dis- 
charged itself through the Beaver Pond Meadows. (1.) The Beaver 
Pond depression is prolonged half a mile north of the point where the 
Rne-Marsh valley makes its nearest approach to it, and this northern 
extremity does not bend toward the valley or show any inclination 
that way. There is here evidence that the Beaver Pond excavation 
had its own independent beginning. 
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(2.) If Mill River once flowed through the Beaver Ponds and thence 
through West Creek to the bay, the force of its waters would have 
continued to keep this channel open, and West Creek would not have 
been disjoined from the part above. 

(3.) If, during the Glacial era. Mill River had had no channel through 
the Whitneyville gap, it could hardly liave afterward gained a foot- 
hold there where the alluvium has a height of 60 feet or more above 
mean tide level. 

There is hence not only no proof of a former connection between 
Pine-Marsh valley and the Beaver Pond depression, but strong rea- 
son against* it in the condition and character of Mill river and its 
present channel. 

Secondly — The Elevations^ or Hills and lildges made hi/ the Glacier. 
Besides extensive excavations, tliere are also elevations which were 
due to the glacier. They were a consequence mainly of the interrupt- 
ed scries of trap ridges in its way. The hard trap-rock dikes, Mill Rock 
and East Rock, were fenders both to the sandstone lying on their north- 
ern side, and also that on the southern, and especially to the latter. 
The glacier, moving from the north and approaching Pine Rock, would 
have had its under surface forced up into an arch by the resisting mass, 
and the ice thus shaped would have been made firm and solid by the 
pressure; and as such an arching of the ice below is an arching of the 
abrading surface of the glacier, an elevation of sandstone correspond- 
ing to it should have been left by the glacier on its southward march. 
A71 elevation was thus left south of Pine Mock — that of the Jitaver 
Hills {Bh,) The Hills are now disjoined from the Rock because of 
erosion (a) by the waters and ice that descended the slope during the 
declining Glacial era ; {h) by the waves and marine currents of the 
subsequent period of submergence in the sea ; (c) by streamlets down 
the declivities due to the rains and melting snows of later time when 
the land was elevate<i to its present level — an era of greater elevation 
or emergence. It was the eastern abutment of this great Pine-Rock 
arch that scooped out the Beaver Pond basin. 

In the same manner the narrow north-and-south Sachem's ridge 
{Sm^) a mile and a half in length, was evidently made through the 
lifting action of Mill Rock. Similarly also, the small Cedar Hill, south 
of East Rock, owes its existence, apparently, to the arch made by the 
East Rock range ; it is small because the East Rock range has a north- 
and-south direction, or lies with its end toward the moving glacier ; 
and also because the ice of the wide Quinnipiac valley would have 
pressed westward as it escaped the limits of the valley and passed 



Topographical Features of the Neio Uacen region. 67 

the southern extremity of the Rock, and so liavc swept away the sand- 
stone there remaining. 

The great glacier did not succeed in ploughing out the Mill Rock 
dike at the Whitneyville notch helow the level of the bottom of the 
present dam, for the dam is built on the solid trap dike. The ice must 
therefore have i)lunged down the front of it (the land having been 
higher than now), and with it the sub-glacial stream descended. 
South of this it appears to have made a deep Mill River channel. 

The glacier acted like the moulding tool in the plough of the car- 
penter. But the convexities and concavities on the cutting or abrading 
edge of the tool were not needed in the pliant material ; for by the 
fenders placed in its front, in Pine Rock, Mill Rock, and East Rock, the 
edge was made in these parts to rise or arch ui)ward, and by this 
means long ridges of various heights were made be ween the furrows. 

The correspondence between the channeling of the plain and the 
position of the trap ridges is so close (especially if it is considered 
to what an extent subsequent river and marine action must have 
tended to modify the features of the surface and obliterate the tracks 
of the glacier) that there seems to be here visible demonstration of 
glacier action, and of the insufficiency of the iceberg theory of the 
drift. 

D' Sachem's ridge, the Beaver Hills and Pine Hill were the only 
examples of north-and-south sandstone elevations due to hard-rock 
fenders, the correctness of the explanation offered might be reasona- 
bly questioned. . I^ut they are the least remarkable instances. Over 
Hamden there are three north-and-south ranges three to four miles long, 
as exhibited on the map, and they may be distinctly followed northward 
to elevations in the transverse range of heights west of Mt. CarmeL 
Cherry Hill (Ch) is the termination of one of these lines. A still 
more striking exami)le is the Quinnipiac ridge, the divMing ridge be- 
tween Mill River valley and the Quinnipiac. It stretches from the 
south side of Mt. Carmel to Whitney Peak, a distance of six yniles, 
and while broad and broken into hills to the north, is to the south 
an evenly rounded elevation, looking from the summit of Mt. 
Carmel like a splendid example of landscape grading. According 
to the theory presented, this long ridge of sandstone owes its ex- 
istence to the arching upward of the ice by the high east-and-west Mt. 
Carmel range, the ridge being a part of the great sandstone fonnation 
left thus elevated in consequence of this arching. The arch, although 
narrowing somewhat, did not flatten out before reaching Whitney 
Peak, as the continuation of the ridge shows ; and here it was raised 
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into a now arch by this dike, losing in the encounter the red sandstone 
from the back (or north side) of its head, down nearly one-third way 
to its base. Either side of this dividing ridge the glacier, besides 
abra<ling the general surface of the sandstone formation and thereby 
preparing the rocky basement for the alhivial plains, was ploughing 
out the river channels adjoining — that of the small Mill River on 
the west, and that of the broad Quiniiipiac on the east. It is a strong 
confirmation of the view brought forward that the direction of the 
Quinnipiac ridge, (as well as that of Sachem's ridge,) is S. 12° W. (true 
course), thus coinciding with the average direction of the Connecti- 
cut valley, and therefore with that of the movtment in the (fhiricr. 

The largest of the valleys in the Hamden portion of the New Ha- 
ven region lies along side of the West Rock ridge, where the erosion 
of the glacier, and of the waters flowing from them would have been 
greatest in consequence of the height of the rock and its slopes, 
and where, moreover, erosion from running waters has been going on 
ever since from the streamlets that the rains and melting snows have 
made over the long declivities. In this valley lie Wintergreen Lake 
(due to a recent damming of one of the streams), and farther north 
the sites of other " contemplated" lakes. 

This western part of Hamden is drained by Wilmot brook with its 
tributaries, which flows through the gap between Pine Rock and 
West Rock and soon aft<?r enters West River. The northern portion 
of the brook, which lies among the sandstone ridges, points southward 
nearly toward the northern extremity of the Beaver Pond depression, 
and apj)roaches it within two-thirds of a mile. It might therefore be 
queried whether Pine Rock had any effect toward dividing the excava- 
ting action of the glacier on the north, like that from Mill Rock above 
described. But there is this great difference in the two cases, that the 
gap between Pine Rock and West Rock is very much broader than 
the Whitney ville gap, being about a quarter of a mile across, and be- 
sides there is no continuous pavement of trap at bottom. Moreover 
Pine Rock has an oblique position with reference to West Rock, its 
direction being E. 20^ N. true course, (about E. 12° X., compass 
course,) and owing to the convergence of these two ridges and the 
broad opening intermediate, and also to the S. 12® W. direction of the 
glacier movement, the principal part of the excavating portion of the 
glacier would naturally have passed between them, where Wilmot 
brook has its actual course. 

Looking beyond the limits of the New Haven region, still other 
examples of this north-and-south ridging of the soft sandstone occur. 
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South of the Hanging Hills of Meriden an elevation commences which 
stretches southward to Mt. Carmcl, showing that the ice was arch- 
ed up by the Meriden mountains, and the arch continued to Mt. Car- 
meL And here, as just observed, it was thrown anew into a high 
arch for the ridging and ploughing southward, in the coui*se of which 
the Quinnipiac ridge was formed; then it was raised by Whitney 
Peak again, and its continuation East Rock; and finally it died 
out as it left the region of Cedar Hill south of the East Rock range. . 

Besides the large ridges and excavations made by the glacier, the 
ledges over the hills are often approximately north-and-south in course, 
and were probably a result of glacier ploughing. The chlorite schist 
of the Woodbridge plateau is easily torn up in consequence of its 
slaty structure and its joints or lines of fracture, and also readily 
reduced to fragments by the freezing of water or growing of veg- 
etation in the crevices. A large trap dike, intersecting this rock 
on the Woodbridge heights west of Westville, oft^en stands up above 
the schist, as a prominent ridge, which sometimes has on one side or 
the other a bare precipice of forty feet. But much of this wear is 
undoubtedly the work of subsequent centuries. 

W^ithout adducing other cases, it appears safe to conclude that 
over the region of the Connecticut valley the principal part of the 
coarse gouging out of the plains, and shaping of the mountains and 
valleys, were performed by glaciers and by the streams that were in 
action during the progressing and declining Glacial era. The same 
agents also carried southward the earth, sand and gravel that were 
afterward to be deposited by the ice, and worked over by the rivers, . 
or, near the sea-shore by the rivers, tidal currents and waves, into ter- 
raced "alluvial" plains, or stratified drift formations 

Scratches having the course 8, 33° W. — A wide variation from the 
usual course of the glacier scratches (South, to S. 12° W^.) occurs over 
the chlorite rock along the Milford turnpike half a mile to a mile 
west of Allingtown. The place is about two and a half miles 
south of West Rock, and one and a half miles south of the line of 
East Rock. The course (true) of the scratches is quite uniformly S. 
33° W., orfuU 20** west of the usttal direction ; and they are so deep 
and numerous and so completely free from crossings by scratches in 
any other direction, that S. 83° W. must be viewed as the course of 
the under surface of the glacier over this part of the western margin 
of the New Haven region. The scratches are seen at the top of the 
first ascent on the turnpike, about 1 30 feet above the sea, (or 90 
above the level of the New Haven plain), and at many other points 
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wliere tlie rock has been recently exposed, for half a mile west. The 
ledges th:it have been long bare have lost their scratches by weather- 
ing ; on this account, and owing also to the covering of soil over other 
parts, observations have not yet been extended farther west. The 
following is offered in explanation of this southwestern throw of 
the under portion of the glacier. 

It has been stated on page 45 that the New Haven region, be- 
tween the summits of the ridges confining it on the east and west, 
has a width of seven miles to the north, and narrows to four at the 
south. While the mass of the glacier was continuing its southward 
movement, the portion below filling this depression would have had 
to accommodate itself some way to the narrowing limits. This ac- 
commodation might have taken place, througli an increasing depth 
of the depression southward. But if this was insufficient to meet the 
whole, there would have been a tendency to a thickening upward of 
the glacier and relief would have been obtained from the accumula- 
ting j)ressure by a lateral escape of the ice. 

There was evidently no yielding or escape on the east or Quinni- 
piac side, the side of the broadest and deepest valley, and therefore 
of deepest or of thickest ice ; for the ploughings of the glacier which 
are exhibited along that side on a grand scale over the East Haven 
sandstone, have the usual southward (S. 13° W.) course. Hence the 
escape, if any where, must have been on the west side ; and here it is 
that we find these S. 33° W. scratches. The place is southwest of 
where the Quinnipiac valley opens on the New Haven plain, and con- 
sequently it is situated just where such an effect from the expansion 
and pushing action of this part of the glacier would be produced. 
Now to the west of the region of these scratches within three-fourths 
of a mile, there is the rather broad valley of Cove river, which ex- 
tends southward and reaches the Sound two and a half miles below ; 
it is parallel nearly with the New Haven region, but has a fnitch 
steeper slope^ the descent to the salt water flats being at the average 
rate of about 1 25 feet in a ndle. This slope of the valley would have 
given the ice that fiUe 1 it (the under portion of the glacier, if not the 
whole above) relatively a rapid movement. The overflow from the 
New Haven depression caused by the conditions stated would there- 
fore have naturally taken a course into this valley. The direction of 
the scratches, S. 33° W. accords well with this view. 

Making of Lakerhasins, — ^The lifting of the lower or abrading sur- 
face of the glacier by hard rocks, wliicli has been shown to have re- 
sulted in the production of the north- and-south ridges, and which ap- 
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pears to have terminated southward the basin of Pine-Marsh Creek, 
might under other circumstances have made basins for lakes. Lake Sal- 
tonstall, four miles east of New Haven, probably owes its existence to 
this action. The lake \&^\ miles long and has an average brea<lth of 
a third of a mile. The basin is scooped out of a very soft, crunibl ing 
shaly sandstone, and lies between two bow-shaped trap dikes, three- 
fourths of a mile apart, whose average trend is north-northeast. Its 
depth is stated at 112 feet; and since its surface is only half a dozen 
feet above high-tide level, the bottom is more than 100 feet below 
that level. At the present outlet the waters flow over solid trap at a 
low cut in the western trap ridge, so that the basin is here rock- bound 
on the south. The stream from the lake (called Stoney River, but 
properly the lower part of Farm River), flows for its last mile be- 
tween granite shores and has in some places a rocky bottom. Tims 
there is a granite as well as a trap barrier between the lake and the 
sea, and the depression it occupies is a true basin. We may believe 
therefore that the long narrow basin occupied by the lake is an excava- 
tion made in the soft sandstone by the ploughing glacier, and that it 
was not continued to the sea because the ploughshare was lifted out of 
its trench by the hard unyielding rock before it. 

Height of the Land in the Glacial era, — With regard to the 
height of this portion of Connecticut above the sea in the Glacial era 
we have as yet few facts for definite conclusions. 

a. In sinking an artesian well on Green St., 120 yards from the 
harbor, a bed of fine clay 14 feet thick was struck at a depth of 140 
feet, or 126 feet below mean tide level. Above this clay there 
were the ordinary sand or gravel deposits of the New Haven plain. 
The clay bed was evidently a mud deposit made in the harbor as it 
existed immediately before -the deposition of the sand ; and as the 
sand beds of the New Haven plain date from the era following the 
Glacial, the harbor very probably was that of the Glacial era. If the 
land then stood 1 25 feet above the present level, the mud bed would 
have lain just at the water's surface, like those of the present day. 
The evidence as to the level of the land in the Glacial era is uncer- 
tain; still it affords a presumption that it was at least 126 feet higher 
than now. No clay has hitherto been found in any other part of the 
New Haven plain. 

6. Near Stoney Creek, eleven miles east of New Haven, on Smith's 
Island, one of the " Thimbles," there are two pot holes in the harS 
gneiss rock ; one of them is 7^ feet deep, and 3 in diameter, and the 
other 3 feet deep and 10 inches across. They are situated within a 
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few yards of one anotlier upon the coast, but above bigli tide level. 
Tlie large one contained, when recently opened by Mr. Frank Smith, 
its discoverer, many large rounded stones. Another pot hole of less 
depth exists upon Pot Island, about a mile to the southeast of Smith's 
Island. It is like a bread-trough in shape, and is 4 and 2 feet in its 
diameters, and 1^ feet deep. Still another, as I am informed, occurs 
on Rogers' Island, one of the westernmost of the same group. It is 
within reach of the tides and is 4 feet <leep and 2 in width. These 
pot holes must have been made by torrents from the land. For the 
existence of such torrents the land should have been above its pre- 
sent elevation. We cannot fix positively the era of this higher level, 
but it may have been that of the great glacier, and the torrents, 
sub-glacier streams then existing. 

c. The valleys of the streams of Connecticut and even those of 
the north side of Long Island are in general continued over the bot- 
tom of the Sound beneath its waters, apparently excavated for the 
most part out of the sand and mud deposits which constitute it; 
and this fact appears to indicate that the Sound was once dry land — 
a great east-and-west depression of the surface — into which the streams 
of the adjoining country flowed, and there concentrated their waters 
in a grand central river which received the existing Connecticut a 
few miles before entering the Atlantic. The admirable chart of the 
Sound by the U. S. Coast Survey, which is covered yn\\\ figures in- 
dicating the soundings, enables any one interested in the subject to 
draw the lines of equal depth, and verify this statement.* There 
is nothing in the depth of the Sound to render the above supposition 
incredible. An elevation of 100 feet would now lay bare all but a 
fifth of its bottom across from New Haven, and one of 140 feet the 
whole breadth ; and one of 200, would dry it up all the way to the 
line of Xew London, 50 miles east of New Haven. Further, a rise of 
even 50 feet would wholly separate the narrow western portion of the 
Sound from the more eastern by a bare area in the meridian of Marm- 
aroneck and Rye, or 50 miles west of New Haven. Only the broader 
depressions corresponding to the courses of streams are to be looked 
for over the bottom, even with the fullest possible series of sound- 



♦ It is best, in order to exhibit well on the map tlio curve of tlie deeper and shal- 
lower parts of the Sound, to draw the linos for each fathom of depth up to 8 fath- 
oms, and then for every two fathoms, that is for 10, 12, 14 and so on; and in addition 
to make the lines for 7, 18 and 24 fathoms much heavier than the others; and to use 
differently colored inks for the lines 4 to 8 fathoms, 10 to 22, and 24 and beyond ; or 
else give the areas 3 to 8 fathoms, 8 to 24, and over 24, different shades of color. 
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ings. For like all New England, the Sound received vast deposits 
of gravel and sand in the Champlain era from the depositions of the 
great glacier ; and ever since these depositions were made, the riv- 
ers have been carrying in detritus, each year making its large con- 
tributions; the estimate, therefore, that the original surface, as it 
was before the Glacial era, had been covered by all these deposits 
to an average depth of 50 feet, cannot be excessive. After such a 
process tending to obliterate all depressions, especially over the north- 
em half of the Sound which has received the most of the detritus, it is 
certainly obvious that better defined river channels than exist are not 
to be expected. 

But the conclusion from the existing channels above suggested has 
at least three sources of doubt — one arising from the present action 
of tidal currents ; a second^ from outflowing under currents which oc- 
cur at times in connection with large bays ; and a third, from the con- 
figuration of the rocky basement beneath the mud and sand of the 
bottom of the Sound. 

(1.) Jutting capes, especially if prolonged far out beneath the wa- 
ter, as well as obstructing shoals or reefs, inasmuch as they narrow 
the Sound, give increased velocity to the tidal currents passing by 
them. This cause is sufficient to account for tlie large deep holes — 'JO 
to 33 fathoms— opposite Norwalk, where *' Eaton's Neck" on the Lontr 
Island side makes a long projection into the Sound beneath its wa- 
ters, which projection at its extremity, three miles out (and hiuice 
nearly half across this part of the Sound), close along side of the deep 
holes, is within G fatlioms of the surfiice. Again, near the " Micldle 
Ground," south of the mouth of the Housatonic, or of Stratford, a 
large shoal but 2 feet deep in one part, there are deep holes both off 
its northern and southern extremities, the former of 20 to 21^ fathoms, 
and the latter of 20 to 21^ fathoms ; and they are in part at least an 
obvious consequence of the tidal currents sweeping by. 

Ten miles west of the mouth of the Connecticut, the Soimd com- 
mences to narrow toward its eastern termination, its southern side 
here bending up to the northeastward ; moreover shoals made from 
Connecticut river detritus, contract the breadth on the north. Conse- 
quently, here begin two depressions, and half a dozen miles east, a 
third on the north, which threj unite in one broad range of deeper 
water, 18 to 32 fathoms in depth, that continues eastward, and finally 
increases to 50 fathoms as the waters approach the channel, called 
" The Race," by which they leave the Sound and enter the Atlantic. 
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(2.) The outflowing vufhr-currojts of bays are produced, especially 
when the broad opeuiiiij has a comparatively narrow principal clian- 
nel with other passages, anionic or over reels; and they are strongest 
when the waves and ciuTcnts occasioned bv a storm drive heavily to- 
ward and into the bay; and still more so if a river add its floods to 
the waters which the storm waves and currents pile up \i4lhin tlie 
bay. 1 <lo not know of any observations about the bays on the Sound 
tendhig to show where such under-currents exist, or what in any par- 
ticular bay is their force or direction; and we are at a loss as to the 
eftects to be attributed to this cause. 

(:S.) Tlie actual configuration of the rocky substratum of the great 
basin in which the waters of the Sound rest is also little understood. 
Long Ishmd has no rocks at surface, or about its ]>oints; and the 
Sound east of Hurl (Jate, e icept quite near its shores, is also without 
any projecting rocks. Some of the j)rominent sand-8j)its of the 
shoros, as those of New Ilayen and Stratford Point, may be traced 
far southward by means of the soundings. But it is not always easy to 
decide whether they have resulted solely from the detritus of the riv- 
ers to the west of whose mouths they lie, or whether a rocky base- 
ment has determined the fonn of the projecting spits. On the 
sand bed off the west point of New Haven harbor there are sur- 
faces of bare rock, giving evidence of a rocky basement. Off 
Stratford Point, west of the mouth of the Ilousatonic, soundings have 
discovered no such rocks; and yet it is probable that the form of the 
bottom is here determined by the rocks underneath. On Eaton's 
Point the map says "rocky" at one spot; and the existence of this 
spit may also have been determined by the rocky basement below. 
But even when the si)its or projecting sand-bars are proved to cover 
a ridge of rocks, it is not certain that this ridge may not have been a 
result of the excavations of the glacier, and of sub-glacier streams. 

The shoals and deep holes in the vicinity of " Eaton's Neck " are 
directly south of the mouth of Xorwalk river, and those about " Mid- 
dle Ground" are south of the mouth of the Ilousatonic; and the 
question arises : Were they partly made by the rivers when the laud 
was more elevated, or may they have been determined solely by the 
rocky configuration beneath and existing currents ? It is apparent 
that without some direct investigations our conclusions can only be 
uncertain probabilities. 

Yet notwithstanding all the doubts from the above mentioned sour- 
ces, there are so many examples of depressions leading from the l>ays 
at the mouths of rivers over the bottom of the Sound, so many in 
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which the outflowing umlor-currents of bays appear to be insuflicicut 
to account for the facts, either because the bay is not of the shape to 
produce appreciably such an efl^ect, or there is not in the currents tlie 
proj>er accordance with the ebb in direction, that we think the facts 
aiford strong evidence in favor of a former elevation of the region — 
an elevation probably not less than 1 50 feet. In such a case Long 
Island would have been literally the southern border of New Kng- 
land, and the universal glacier would have had no great basin of salt 
water to span in order to reach what is now the Island, and deposit 
there the boulders of Connecticut rocks, some of which, according to 
Profl Mather, are from 500 to 1000 tons in weight.* 



♦ It ia diflSciilt to explain tho facts in (letail with regjini to the Sound witliout a map 
at Iiand. The following observations on the subject arc however here added. 

The main course of deep water tlirough tho Sound west of the meridian of Guilford 
commences near tlie nortliem shctro of the Sound, off Coscob harbor and Greenwich Oove, 
(near tho boundary' between Connecticut nnd Now York), and just here ent<.'r Byram, 
Mianus and Turn rivers. From this region it stretcher* oaKtward, passes the north ])oint 
of the Eaton Neck spit, leaves " Mid<lIo Ground " to tho north (and consequently in this 
part is south of the middle of the Sound), and then continues directly eastward till it 
almost touches the north coast of Long Islan<l (l^eiug Iei«s than a mile off) in the line of 
Guilford. At the very end of the deep water channel the deptli is ISf fathoms; just 
east of it, tlic depth is only 11^, then 10 and 9 fathoms. But about G^ miles a little to 
tho north c»f east, about two from the shore of Long Island there is an oblong deep hole, 
18 to 19 fathoms in depth; and 2^ miles beyond, in the simio direction, commences the 
southern arm of the great central range of deep water which continues eastward out 
of the Sound. Tho great range of deep water, seventy miles long, tliat commences m 
the west near Greenwidi, must, as already observed, owe something of its deptl), in its 
eastern portion at least, to its distance from the northern shore of the Sound or the 
region of rivers and detritus; and, again, it may have lia<l its course determined origi- 
nally by an east-and-west depression in the configuration of the basement rocks of tho 
Sound. Still it affords some reason for believing that it once contained tlie cliannel of 
a great river. It begins against the north shore near Greenwich, just where tliree 
■treams enter the Sound, as if a continuation of their united channels. Its depth at its 
eastern extremity, and it^ abnipt termination there, are reasons for inferring that it 
once continued still farther east, and was probably kept open by a flow of water 
through it If tlie knd were formerly higher by 150 feet, as has been supposed, the re- 
quired conditions would have existed for making it a river course. But the query 
comes up, where in tliat case would have been the discharge? Its abnipt eastern ter- 
mination takes place right opi)osite the large and broad Peconic bay which divides the 
eastern end of Long Island for a distance of nearly 20 miles, making the Island in 
form like the profile of an alligator, with its long mouth (Peconic bay) wide open ; and 
the interval of dry land between tlie Sound and this bay is hardly three miles wide. 
Moreover, directly in the line of the depression, the land is low, and is intersected by 
Matituck lake, and also by various channels on tho Peconic side. These facts lead to 
the snpposition that this Sound stream of the Glacial era, whose tributaries included 

Trans. Conkectiout Acad., Vol. U. 5 Sept., 1869. 
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6. EVENTS AND Results of the Champlain era. 

The Glacial era closed in a subsidence of the land over a large part 
of the continent, the initiatory event of the next or Champlain era. 

1. Amount of Svhaidence. — The amount of the subsidence about 
New Haven is uncertain, because tlie actual height of the land in the 
Glacial era is not yet satisfactorily determined. It was so great as to 
carry the land considerably below its present level, as evinced by the 
height of the New Haven plain, this plain having been made and lev- 
eled off in the waters of the era. Taking the level of this plain as 
marking the water level, we learn that about the College square and 
for some distance to the norths and either side of this region on the 
same east-and-west line, the depression was near 40 feet. Farther to 
the north it increased gradually to 70 feet and more in Hamden ; while 



the IIousatODic and other rivers to the west, may have discharged through an open- 
ing into Peconic bay. and that this opening was filled up by sands during the following 
era of submergence (tlio Champlain era), and cotcmporaneously tlie adjoining southern 
portion of the Sound was made shallow by the same means. The form of the bottom 
in this part of the Sound favors the idea tliat the sands for filling it came from the di- 
rection of the Peconic bay. 

But the existence of the oblong deep hole in the course of a direct line to the south- 
ern arm of the groat eastern deep water region of the Sound hardly nine mfles distant, 
brings up the enquiry whether the river channel may not after all have been over this 
route wUhin the Sound. The submergence of the Champlain era would have afforded 
the same means as stated above for filling up with sands tliis part of the Sound and 
for stopping off abruptly not only the channel of the Sound river, but the great depres- 
sion in which the channel lay ; for the waves of that era must have swept across the 
land m one or more places from the Peconic bay into the Sound. 

If this latter view is the right one, the great Sound river, commencing in the riven 
of the vicinity of Greenwich and taking into itself the waters of other rivers eastward 
to the Housatonic, and still others from Long Island, would, after receiving the Housa- 
tonic, have derived little else directly from the north until reaching what is now tiie 
eastern deep-water region ; and this it would enter by the southern arm of that region. 
The rivers of the New Haven coast and .other small streams between it and Sachem's 
Head, would have taken an intermediate course over the Sound to the same meridian, 
and then entered the middle arm. The rivers f^m Ouilford to Eillingworth harbor 
would have flowed eastward to the commencement of the northern of the three anna 
And then a few miles beyond this, the northern arm would have received the Conne<y 
ticut river, the great tnbutary, and from this point all the fresh waters of the various 
rivers would have been combined in one grand flow on their way to the ocean. From 
the depth of water and the character of the deep holes over the deep-water region 
south of the Connecticut, it may be inferred that here was actuaUy the great bay of 
the Sound river into which the ocean waves set as they do now into the mouth of the 
present Connecticut The latter has its deep holes inside of its bar; for the depth 
within the channel of the present river at low tide is 6 to 7 fathoms, whfle there are 
but 10 feet of water over the bar. 



Topographical features of the New Haven region, 67 

to the south it diminished in height, being but 30 feet in the latitude 
of Halleck's place on the bay. The facts on this point are given be- 
yond (p. 88). North of Connecticut, over New England, the amount 
of depression below the present level was still greater, and increas- 
ingly so with increase of latitude, it having been 200 to 250 feet at 
least in central New Hampshire, 400 about Lake Champlain, and 500 
feet on the St. Lawrence. 

2. General consequences of the Subsidence, — As the writer has re- 
marked upon elsewhere, an immediate consequence of a subsidence of 
the land, and especially of one which was greatest as a general thing 
to the north, would have been the bringing on of a warmer climate, 
and thence, the commencement of melting in the glacier. 

As another result we note that the slope of the great valley of the 
Connecticut would have become less than it is now. Consequently 
the motion of the Connecticut valley glacier would have been greatly 
retarded, if not rendered altogether nulL Moreover the rivers would 
have had a diminished rate of flow, and would therefore have spread 
in wider floods than ever before, becoming in some parts a series of 
lakes ; and the lakes also would have had an unwonted expansion. 
The great flow of waters from the melting ice would have immensely 
aagmented the floods in all directions. 

Such an extended change of climate over the glacier area was 
equivalent in effect to a transfer of the great glacier from a cold icy 
region to that of a temperate climate and melting sun. The melting 
would therefore have gone forward over vast surfaces at once, wide in 
latitude as well as longitude, and not merely along a southern edge 
with slow creeping progress northward. Hence, as another result, 
the depositions of sand, gravel and stones^ from the glacier, would 
have taken place almost simultaneously over regions scores of miles 
wide in latitude, and in general without special accumulations along 
a southern border like what is called the terminal moraines in the 
Alps. They would have descended alike over the hills, plains, and 
valleys, lake regions, flooded rivers and sea-sbore bays ; but not with 
like results over these various regions, for wherever there was water 
in motion beneath, the water would have worked over the pebbles 
and sand and produced some stratification of the material, or at least 
have leveled all off at top. Thus unstratified and stratified drift (the 
latter including the so-called modified drift, as well as a large part of 
the ^'alluvium" of river valleys) were formed simultaneously, and 
both in the Champlain era. 

The depositions made directly from the glacier as a consequence 
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of its melting, and which belong to the opening part of the Champlam 
era may be first considered ; and afterward the secondary and later 
restdts. 

1. Events and results of the Opening Champlain era. 

1. Depositions over the hills, — The deposits over the hills in the 
New Haven region, consist, like those of the rest of New England, of 
sand, stones, and large boulders, mingled pell-mell, or without strati- 
fication, except where they fell into lakes and rivers. 

This unstratified drift is found wherever the land rises above the 
level of the stratified " alluvium " of the New Haven plain, except 
along the upland valleys. In some places it appears to be more or less 
stratified, as near the Seymour turnpike (running west from Westville) 
after passing the first hill (that of the Edgewood line) ; but in this and 
other similar cases the stratification is owing to the fact that the region 
in the time of the melting glacier was the course of a flooded stream. 
The boulders and stones are not to be looked upon as lying just where 
they were dropped in all cases, nor as being formerly in the same large 
numbers as now over given areas ; for the sands and smaller stones 
that fell with the larger masses have to a great extent been washed 
away to lower levels, and carried off by streamlets to rivers, and by 
rivers seaward ^ and thus the large stones that crowd the surface in 
some regions may when first dropped, have been many feet apart, or 
even scores of feet away from the spot where they now lie. 

The character of the stones and the size of the boulders over the 
hills show what is the nature of much of the material which fell into 
the waters, and which now lies over what was the bottom of the bay 
in the Glacial era. 

The larger boulders of the New Haven region consist mostly of trap 
and sandstone ; and next to these in size and numbers are those of 
gneiss and quartz. Those of trap, sandstone and gneiss are quite 
numerous over the western border of the region, especially along the 
eastern margin of the Woodbridge plateau ; those of quartz rock have 
a very wide distribution. Only a few of gneiss have been observed 
as far east as Sachem's ridge. 

Some of the largest of the trap boulders are as follows : 

One 2^ m. north of Westville, on Boulder Hill, measuring along its 
diameters 29, 14 and 12 ft. and weighing at least 400 tons. 

The boulder in pieces making the Judges' cave (the place of con- 
cealment of the regicide judges for a while in 1661), If m. east of 
south of the preceding, on the top of the West Rock ridge, the masses 
when together having weighed at least 1000 tons. 
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One on the Woodbridge heights, 1^ m, southwest, about 10 feet 
in its diameters, but now in halves. 

One in the northern part of the Edgewood grounds, a mile southeast 
of the last, and 2 ul a little west of south from the Judges^ cave, 
about 8 feet cube. 

Three others, half a mile south of the last, in the same grounds, 
measuring 25, 18^ and 8^ feet, 14, 8^ and 7 feet, 8, 5 and 4 feet. 

One near the Derby turnpike, ^ hl E. of S. of the last, of 14, 6 and 6 
feet in its diameters. 

One in the woods north of the Stoeckel farm, J m. S.W. of the last, 
and in the same line nearly with the Judges^ cave and the Edgewood 
boulders. 

On the Milford turnpike nearly a mile east of south of the latter, 
J m. west from Allingtown, measuring lo, 8 and 5 feet. 

One at Savin Rock, farther south, 8, 6 and 4 feet. 

These masses are all on the western border of the New Haven re- 
gion. The height given in each case is the height above ground, the 
depth to which the boulder extends below the surface being uncertain. 
Many of those that formerly lay over these heights have been broken 
up for use in house-building. 

Over the same region sandstone boulders are numerous, but they 
are seldom very large, owing to the nature of the rock. One of 
tabular form on Boulder Hill measures 21, 15 and 5 feet. 

There are also large trap boulders more to the eastward. One on 
Sachem's ridge measures 16 feet in length and 8 J in greatest breadth ; 
and one in East Haven, back of Mr. Woodward's, of 11, 9 and 6 feet. 

There are also occasional masses of native copper derived from the 
copper mines of the Connecticut trap and sandstone region. A mass 
from the vicinity of East Rock, given to the Yale Cabinet by Mr. Eli 
W. Blake is probably of this kind. Another weighing 90 lbs. was 
found early in the century on the Hamden Hills. 

2. Depositions over the waters. — ^The New Haven bay in the Cham- 
plain era covered the whole breadth of the New Haven region, from 
the Woodbridge range on the west to the sandstone ridges of East 
Haven and North Haven on the east, and spread northward into Ham- 
den. East and West Rocks, Pine Rock and Mill Rock were cliffs 
within its area, or on its borders. Sachem's ridge was a long north- 
and-south peninsula south of Mill rock : and the Beaver Hills, another 
south of Pine Rock. The Beaver Pond region was, for a while at least, 
the deep central portion of the New Haven bay ; it lay in the interval 
between Mill Rock and Sachem's Ridge on one side, and Pine 
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Rock and the Beaver Hills on the other, close alongside of the latter. 
Mill River entered a narrow arm of the bay between East Rock and 
Sachem's ridge, and the waves widened its head and battered Mill 
Rock for some distance west of Whitneyville. This Mill River arm 
was encumbered by two or three low sandstone islands, the northern- 
most of which is now the site of the residence of Stephen Whitney. 
West River opened into another arm which lay between the eastern 
of the Woodbridge heights (or the Edgewood range of hillq) and the 
Beaver Hills, and West Rock Cliff and Pine Rock overlooked it on 
the north. Up the Quinnipiac valley, beyond East Rock, stretched a 
long and broad arm of the bay, which was the great inner harbor. 

We come now to the consideration of the action of the waters of 
the bay in arranging the material dropped into them by the melting 
glacier. The large boulders were evidently the first to fall ; for none 
were found on the plain when it was first taken possession of by the 
colonists, although such masses were then very numerous over the low 
Beaver Hills and Sachem's ridge, and are somewhat so still notwith- 
standing man's free use of them. Further, in no excavations into the 
alluvium of the plain for cellars, wells, or other purposes, (as we are 
informed by Messrs. Perkins & Chatfield, Mr. Isaac Thomson and Mr. 
D. W. Buckingham, who have superintended such work for years past) 
have bouMera anywhere been found, with only two exceptions ; and 
these are really no exceptions, since the boulders in each case lay on 
the foot slopes of sandstone ridges. One occurred at a depth of 10 feet 
beneath the gravel of the alluvium, and was found while making a pit 
in Trumbull St., near the house of Prof. Fisher ; it was of trap and 
about two feet across. In the other case a number of large stones 
were met with in digging a well on Whalley Avenue near Blake Street ; 
Mr. Buckingham, who reported tlie fact to me, attributes their occur- 
rence there to the nearness of the place to the Beaver Hills. 

As the melting went forward, the sand^ pebbles and cobble stones 
were thrown down together; but they underwent as they fell an arrange" 
ment which varied according to the movements in the waters beneath. 
The bay had its tidal currents, as now ; its areas of comparatively 
still waters ; and bebides, certain channels along which the flow of 
the rivers increased greatly the force of the ebbing tide. The strati- 
fication of the deposits varied accordingly. Where the currents were 
strong, they washed away the sand from the stones, or if very strong, 
the sand and smaller pebbles, and thus layers of coarse gravel were 
made — ^gravel beds being always deposits from which the sand has 
been sifled out by moving or flowing water. Along the main river 
courses there ought to be found, consequently, long gravel courses^ 
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marking the direction of the strongest currents, and these gravel 
courses should be not far below the surface unless the depth of water 
in which they were deposited were too great for this. Accordingly, 
we find that the valley of West River, near West Rock is a pebbly and 
stony region. 

Another more remarkable gravel course extends from the head of 
the harbor between Meadow and Franklin streets over State and 
Orange streets, toward and beyond Whitneyville, and this was evi- 
dently the course of the MUl River channel. It follows (sec map) 
the west side of Mill River from Whitneyville down to Grand street, 
then diverges a little westward, the region between Mill River and 
Franklin Street, as I am inibrmed by Mr. Chatfiald, being less stoney 
than that to the west. Franklin street is about 500 yards from the 
river. At Neck Bridge, below the East Rock range, the " alluvium " 
on the we9t side of Mill River is four-fifths stones ; and on the east it 
is very pebbly, but the proportion of stones to sand is not more than 
1^ to 6 ; and farther east the proportion of pebbles becomes quite 
smalL The gravel is in all parts exceedingly coarse, and consists 
largely of cobble stones. This gravel course extends far up Mill Riv- 
er, and is as coarse in its stones near Ives' Station 4^ miles to the 
north, as it is over the New Haven region. Just south of tlie Mt. 
Carmel gap, the stoney character is still more remarkable. 

Another gravel course, but coalescent with the preceding as it 
approaches the bay, passes northward along the Canal railroad to the 
west of Sachem's ridge {Stn\ instead of to the east of it. It has the 
course of the Ea>st Creek valley. The pebbley deposits or gravel 
underlie the surface from the head of the bay, northward across State 
street; its western border follows approximately (as I learn from 
Messrs. Perkins & Chatfield) a line along State street to Crown, across 
from this point to the comer of Chapel and Church ; along Church 
from the corner of Church and Wall to the corner of Grove and 
Temple ; and thence along the east side of the cemetery. 

The extent of the region shows that the flow producing it had the 
breadth and character of a tidal flow. This East Creek tidal channel 
was connected directly with the central interior basin of the harbor, 
the Beaver Pond depression, as the channels in the surface along 
Webster and Munson Streets demonstrate (p. 53, 54). 

The Mill River and East Creek tidal courses were branches of the 
great central tidal flow up the bay. 

The gravel-course of the Quinnipiac is not in sight. This inner 
harbor of the bay was deep, and swallowed a vast amount of great 
stones, gravel and sand, without being filled to the surface. 
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The courses of the tidal currents of the bay are also apparent in 
the less height of the drift formation wherever they swept along. 
Thus, within the range of the Mill River tidal course, at Neck Bridge, 
the height of the terrace on the toest side of the river is but 32 feet, 
while it is 42 feet on the east side. This Mill River tidal current, 
althougli strongest, perhaps, to the west of Franklin street, had a wide 
spread to the eastward. For the area over which the terrace formation 
is below its normal height includes not only a region west of Franklin 
street, but all east of it to the river, and even a large part of 
Grape Vine Point (the wide point of land between Mill River and the 
Quinnipiac). Near the brideje at the foot of Chapel street on this 
Point the height of the drift or terrace formation is only 12 feet, and 
between this and the southern extremity of the Point, it is still less ; 
half across the Point in the same line, it is only 2 J feet: and half a 
mile to the north, near the Bamesville or Grand street bridge (the sec- 
ond bridge over Mill River), the height is only 29 feet On the Quin- 
nipiac side of Grape Vine Point, on the contrary, the plain has its full 
heiglit, being 34 feet in the same cast-and-wcst line with the Chapel 
street bridge, and 40 feet in that with the Grand street bridge. It is 
evident therefore that the central part of the great tidal wave up the 
bay in the Champlain era swept northward between Meadow street on 
the west and Ferry street in Fair Haven (on Grape Vine Point) on the 
east, an area over 1^ miles wide; that it continued to be felt on 
the east side of the river to the north of Barnesville bridge ; but at 
Neck bridge, api)roaching the south point of the East Rock range, it 
was pushed more to the westward^ the terrace on the east bank at this 
point having a height of 42 feet, or the full normal elevation. An 
eastern branch of the tidal wave entered the Quinnipiac basin through 
the broad channel which forms the lower part of this river. Owing 
to the bend to the westward in the lower part of this channel, the 
wave was thrown against the eastern shore, so that the terrace forma- 
tion on that side is mostly wanting while built up nearly to its full 
height apparently on the western side of the channel even quite to its 
mouth. 

By closely studying the nature of the stratification of these deposits 
beneath the New Haven plain, the particular character of the action 
of the waters may generally be made out, even, in some cases, to dis- 
tinguishing the effects of individual waves and changes in the action 
of tidal or river currents. A good example of this is afforded in the 
region south of the East Rock range (or of Snake Rock, its southern 
termination) between Mill River and the Quinnipiac, where sections of 
the deposits have been made in grading for the Hartford and Air-Line 
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ntilroada (see the course of thcBe railroads between Mill River and the 
Qnintiipiac on the map). The whole height of the nlluvium above mean 
tide is in this region from 42 to 4S feet. The cut through it for the rail- 
roads extends nearly southwest and northeast, and is about two-thirds 
of a mile, or 1200 yards, long. After the first 700 yards, the railroads 
pass ander a bridge, and just beyond, the separate cut for the Air- 
Line railroad commences. The depth of the section is about 16 feet 
at its Mill River end, 20 at the bridge, and 26 toward the upper or 
Qainnipiae end. A number of interesting facts are to be observed in 
the sections : 

a. The diminution in the proportion of pebbles on passing cast from 
the ilill River valley is well seen. Along the Air-Line road they con" 
stitute hardly a fifteenth of the whole maBS, although in an occasional 
small layer they are of large size, even like cobble stones. 

Toward the more northern or Quinnipiac end of the cut, the layers 
are Dot only less pebbly but the lower part of the section contains 
two to four irregular layers of exceedingly fine clayey sand (M, fig, 2). 
The material adheres rather firmly, holds water well, and is so damp 
at all times that the exposed surface has in part become green fivsm a 
covering of moss. The clayey layers are separated by others of sand, 
and an occasional one of pebbles. 




b. The alluvium is m nearly horizontal layore, just as it was origi- 
nally laid down. But these layers are qnite irregular, often of small 
lateral extent, and where composed of sand are very commonly made 
up of wave-like parts, from two to many yards long, as in the annexed 
figure — which represents a part of the surface six feet in height, about 
half way from top to bottom in the Air-line railroad cut. 

c. A marked variation from horlzontality occurs at the northern or 
Quinnipiac end of the cut, where the layers, as shown very distinctly 
in the firmer beds of clayey sand (fig. 2), dip downward four feet in a 
length of 30 feet, or from 7i to 3^ feet above the railroad. This dip 
IB toward the Quinnipiac river, or toward the old harbor, and may 
hare some relation to the original bottom of the basin. 



74 X 2>. Dana oti the origin of sotne of the 

d. The sand of the sandy layers is obliquely lamituxted (not an 
uncommon fact in such deposits), as shown in the above figure. This 
division into tliin oblique layers is not apparent when a cut is first 
made through it with the spade, but appears often on a surface of nat- 
ural fracture, and very distinctly after exposure for a while to the 
winds. It shows that the sands were deposited in these delicate 
oblique layers while they were being accummulated in the long or 
horizoijital beds which consist of these. 

€. Throughout the upper part of the section, (above the line N S 
fig. 1), the inclination in the oblique lamination is mostly to the north- 
ward : while in the lower part (below N S) it is as generally to the 
southward. Layers containing both slopes may be observed in each, 
but the above are the prevalent courses. The formation is thus made 
up of an upper and lower division ; and in many parts the two are 
separated by a thin band of large and small pebbles. Near the junc- 
tion of the Air-line and Hartford tracks, the dividing plain is but two 
feet above the level of the railroad ; to the eastward it retains nearly 
the same level (about 22 feet above meantide), but it is higher above 
the track, there being here a descending grade in the road. Below 
this bridge, or toward Mill river, the upper division is the only one 
in sight ; the level of the dividing plain passes beneath the surfietce 
of the railroad excavation, and for this reason cannot be traced. For 
the first two hundred yards on the way toward Mill river, the slope 
of the oblique lamination rises quite uniformly to the southward as 
in the upper division above the bridge ; through the next one hundred 
yards, this is still the prevalent direction ; but farther toward the 
Mill river end of the cut both slopes occur, and that of the lower 
division finally becomes the most common. 

f In the upper part, the sands, through the cut for the Air-line 
road, have the ordinary dirt-brown color ; in the lower part they are 
brownish-red. Thus there is a marked distinction between the two 
divisions in color^ as well as in lamination. This color is of coarse 
not observable in the pebbly layers. It is owing mostly to the fact 
that the grains of quartz are tinged outside by red oxyd of iron, like 
those of the red sandstone. 

The following conclusions flow from the facts here noted. 

(1.) It has already been observed that Mill river valley, especially 
its west side, was the course of a powerful tidal current which set in 
and out over what is the head of the present harbor, whose ebb was 
increased by the flow of the river. From the diminution in the amount 
of pebbles to the eastward of the river (§ a), it appears that the tidal 
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flow, as it spread in that direction around what was Snake Rock head- 
land, rapidly lost its force ; and finally, when fairly in the Quinnipiac 
basin, as the beds of fine clayey sand show, there were intervals of 
comparative quiet or of only gentle movements. The fact of these gen- 
tle movements is proved not merely by the fineness of these beds, 
but also by a very delicate contorted lamination in them, which in 
some places looks as if due to the smallest of eddyings in the water at 
the time of deposition ; and also by successions of obliquely-laminated 
layers of sand only one or two inches thick, constituting here and there 
an overlying bed. Where layers of stones, or thick obliquely-lamin- 
ated sand-beds, exist between these clayey beds, they indicate that a 
time of rougher movements intervened. 

(2.) Since the slope in the oblique lamination throughout the lower 
division of the alluvium dips to the southward, or rises to the north- 
ward (§ «), the deposition of these beds took place under the action of 
a tidal current flowing northward, that is, into the old Quinnipiac har- 
bor ; and the reverse direction of the lamination in the upper division 
implies a current during its formation to the southward, awaj/ from 
the old harbor, or toward the present bay. 

Such a change of current (A) would have attended the flow and 
ebb of each tide. But this cause of the transition in the beds would 
make the whole deposition a twelve-hour operation ; which, even with 
a melting glacier above to supply material, would have been incredi- 
bly quick work. It might (B) have proceeded from a change in the 
place of discharge of the Quinnipiac waters, such as would have 
added the river current to the ebbing tide. But there is no evidence 
in favor of this in the existence of an old channel, and much against 
it, in the character of the layers along the present channel north of 
Fair Haven. It might (C) have resulted from the setting in of an ex- 
traordinary river flood, giving great force and volume to the out- 
flowing tide, and not only along the proper channel of the stream, but 
&r and wide over the low lands adjoining. Through such means the 
action of the incoming tide would have been as much weakened as 
that of the ebb enhanced ; and, as a consequence, the oblique lam. 
ination of the sands would have been produced by the oi^omng 
flood. The special influence of the Quinnipiac flood would have dimin- 
ished westward, where finally it would have encountered a similar 
though smaller. Mill river flood; and hence it is natural that the 
alluvium should here lose its Quinnipiac characteristic and take that 
of the other stream, as stated in the closing part of (§ e). It might 
(D), if a flood were in progress, have been due to the fact that the 
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depositions had reached such a level as to impede the inflowing tide, 
and thereby give the ascendancy to the river current ; this being 
favored by the height of the land at the time. 

Of the causes suggested above for the difference between 
the lower and upper divisions in the sections, C and D are the only 
ones that can be entertained; and such a flood would have been 
sooner or later a natural consequence of the melting of the glacier in 
progress. It would have been a flood enormous in extent and vast in 
effects ; it may have been not merely an overflow of a few months, 
but of a period of years. 

(3.) The subdivisions of the layers into subordinate wave-like parts 
may have resulted from the plunge of the waves that accompanied 
the tidal or current movements of the waters. Each of these subordir 
nate parts is not the whole that was formed by the plunge and flow 
of a wave, but this minus what it lost by the succeeding plunge or 
plunges — as a little study of figure 1 will make apparent. In these 
wave-like parts of a bed, the oblique layers usually diverge as they 
rise upward, as shown in figure 1. Tlie wave struck at the end from 
which the lines diverge, and as it pushed forward with slackening force, 
it dropped more and more of the the sands taken up, and so the little 
layers formed by it were made gradually thicker. So much material 
deposited with one fling of a wave would seem to indicate rapid work 
in the deposition of the beds. 

The reasons for regarding these and other like beds as depositions 
directly from the glacier are the following. (1.) Stratified deposits 
were thus made by the glacier and the waters beneath somewhere 
about the New Haven region ; and no others exist that can be such. 
(2.) These beds, consisting largely of interstratified sand and gravel, 
and in part of layers of cobble stones, have characters according pre- 
cisely with the supposed mode of origin. It will be noticed that the 
layers of cobble stones have not required for their formation, on this 
view, streams of tremendous magnitude and violence, beyond all 
physical probability, in order to transport the stones from their place 
of origin, 50 or 100 miles or more to the north ; the work of transpor- 
tation was done quietly by the glacier, and they were simply dropped 
to their places ; much more moderate streams served to sift out the 
finer material so as to leave the larger stones alone. (3.) These sand 
and gravel beds could not have been formed like ordinary sand-banks 
on a sea-shore or in a bay. For the waves and currents, which are 
the means of piling up such banks, could not have introduced the lay- 
ers of gravel or cobble stones except they had been ftirnished by 
some other agency ; and the amount of sand that the waves move in 
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a stroke is but little, and this is spread widely. (4.) Again, they 
could not have been formed as sea-beach deposits. They have not 
the structure of such deposits. Moreover, if the beds of the New 
Haven plain had been produced by the gradual growth of a beach 
seaward,, the harbor would have also existed somewhere, in narrow 
areas at least, among the encroaching beaches, and remains of the co- 
temporaneous mud-flats of the harbor should occur to mark its posi- 
tion. But no such clay or mud deposits have in fact any where been 
found, except in the Quinnipiac valley (upon which we . remark be- 
yond) ; none along the courses of Mill and West rivers, where we 
should naturally look for clayey interpolations among the sands, if 
not thick beds. The work of filling up the bay was evidently too 
rapidly done for the accumulation of mud or clay from the contribu- 
tions of rivers. 

8. Filling of depressions with the drift. — ^The depositions from 
the glacier filled up the greater part of the New Haven bay nearly or 
quite to the sea limit, as is shown by the even surface of the plain, 
the whole having been leveled off by the waters. The rivers, where 
not too deep to be filled, had currents to sweep out the sand and keep 
them clear. 

The Beaver Pond depression, the great central basin of the bay, 
was one of the unfilled channels ; and unfilled, in all probability, be- 
cause of its depth. The drift was dropped over it as over the rest of 
the bay ; but its depth saved it from obliteration ; it still remained 
the open central basin of the bay. Its original communication with 
the wider outer portion of the bay was probably, as has been shown 
(p. 53), through the West Creek channel, whose extent, north-and- 
south course, and approximate conformity in direction and line 
with the Beaver Pond basin, accord with this view. During the melt- 
ing of the glacier there would have been an abundant flow of waters 
from the northward through it ; and these currents, together with the 
inward setting of the tidal flow, would have made the steep terrace- 
slopes that form its boundary, and those also of West Creek valley, 
which resemble in all respects the terrace-slopes along the rivers. 

But while not filled by the depositing drift, the Beaver Pond de- 
pression appears to have lost much in breadth ; for in the surface of 
the adjoining plain, especially along Crescent street, there are several 
large isolated basin-like depressions — deep holes, as they are oflen 
called, although sometimes 100 yards or more across — which must 
have been cut off by the depositions made by the glacier. The east 
and west Goffe street ponds occupy such exscinded depressions. The 
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valley of West Creek appears to have been dissevered from the Bea- 
ver Pond basin by the same means ; having no river (p. 62) to per- 
form the office of sweeper, it would have been unable to resist the 
encroaching sands. 

But while the Beaver Pond depression was thus closed in the direc- 
tion of West Creek, a tidal communication appears to have been kept 
open between it and the deep parts of the bay, through the wide val- 
ley-like depressions near Webster and Munson streets, and thence 
through Uast Creek. The gently sloping sides of the East Creek 
valley along the course of Chapel and Elm streets below Temple, as 
well as near Webster and Munson streets, and other facts already 
mentioned (p. 54) correspond with the view, as just stated, that this 
channel was originally a depression in the sandy bottom made by the 
sweep of the tides. Accepting these views, the channels of East and 
West Creeks, which diverge at the bay, make together the circuit of 
the original New Haven square, and converge toward the south- 
ern extremity of the Beaver Pond depression, were both, though at 
different times, outlets of this great central basin. 

The valley of Pine-Marsh Creek was another of the deeper glacier ex- 
cavations, as already explained ; and one too deep to be filled with the 
droppings of the glacier. This is proved by the remarkable breadth 
of the valley, and the fact that it is bordered by a steep terrace-slope, 
although no large stream but that made by the melting of the glacier 
ever flowed through it. There are deep holes or basins in the plain along 
its borders which may be explained in the same way as those adjoin- 
ing the Beaver Pond depression ; that is, they are spots that were un- 
filled by the sand and gravel of the glacier, because of their depths 

The Quinnipiac valley was far the largest and deepest of the deep 
basins of the N*ew Haven bay ; for while in one part a mile in width, 
the terraces on its eastern and western sides are very narrow. More- 
over they are mostly below the usual height ; and in some places so 
poorly defined as to be apparently altogether wanting. But to the 
south, between the basin and the bay, there is a great development of 
the drift or terrace formation, indicating that over this wide area the 
material was dropped by the glacier in shallow water. Red sand- 
stone, the basement rock, outcrops from beneath the sands of the for- 
mation south of East Rock and in Fair Haven, opposite borders of 
the plain. The fact that the tidal flow in the bay during the Cham- 
plain era was not over this area but either side of it (along Mill Riv- 
er and the Quinnipiac channel), is other proof that the region was 
originally shallow ; for the course of the tidal wave is along the deep- 
er parts of a bay. 
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In contrast with the basin, the Qoinnipiac valley near the village of 
North Haven and north of it has its lower flats exceedingly narrow 
and the upper plain of great extent ; and here, concordantly, the red 
sandstone is but a little way beneath the surface, for it outcrops along 
the river, and, as I am informed by Mr. D. H. Pierpont, is the bottom 
of all wells in the village. But the poor condition of the terraces in 
the Quinnipiac basin cannot be attributed solely to its extent and 
depth ; it must be owing partly to the currents that swept through 
the basin in the era of the melting glacier ; for the upper plain or ter- 
race, evidently for the same cause, has in general been left remarka- 
bly low, often not half its normal height, about North Haven and to 
the north. It is to be noted also that the drift formation or plain 
Boath of the basin may owe something of its extent and height to the 
dimimshed velocity which the waters would have had after passing 
East Rock, as they there escaped the bounds of the Quinnipiac val- 
ley, and were free to spread widely to the westward. 

4. Origin of the material of the drift, — The sand, gravel and 
stones of the drift-deposit of the plain came largely from the Red 
sandstone formation; (1) the pulverized sandstone affording sand; 
(2) the associated conglomerate yielding pebbles and stones ; (3) the 
wear of fragments from the harder varieties of sandstone and con- 
glomerate making other stones or pebbles. There are some pebbles 
of trap, but they are very few in comparison with what the prece- 
ding source supplied. The rest came from the region of crystalline 
rocks to the northwest and northeast. 

The great trap boulders may have been derived from any of the 
trap mountains to the north. Those of the western border of the New 
Haven region, which are often tabular in form and sometimes thick- 
laminated in structure, were probably carried off from the heights be- 
tween the western of the Hanging Hills of Meriden and Mt. Tom, 
though possibly in part from the West Rock ridge more to the south. 
The great fallen masses in some of the valleys of the Meriden moun- 
tains resemble many of these boulders in form, in fine-grained text- 
ure, and in laminated or jointed structure. The masses of the Judges' 
Cave are probably from these more northern trap ridges which, as 
already mentioned, are the highest of the valley. This view of their 
origin accords with the fact that the gneiss boulders so common along 
with them are probably from the adjoining region of the town of 
Granby, or from Massachusetts, farther north, as stated by Percival 
after a comparison of the rocks. The quartz and quartzite boulders 
may be from the adjoining region in Massachusetts. But they are 
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widely 8i)rcad over the New Haven region, and they may have come 
from Vermont or New Hampshire, where such rocks occur.* 

5. Rapidity of deposition, — Tlie wasting of the glacier, beginning 
as the warm Champlain era opened, (p. 60) would at first have been 
slow, and mainly above. But after a wliile, the glacier woidd 
have been reduced to a comparatively thin sheet of ice, and then, 
through the heat conveyed into it in all directions by means of waters 
from above, and that received through flowing waters and air below, 
the rotting of the mass would have become general, and the unload- 
ing of the glacier would have gone rapidly forward. The period of 
years occupied by the deposition of the sand and boulders may there- 
fore have been short. It may be queried, considering how much ap- 
pears to have been done by a single wave, whether one year, or even 
less, would not have sufficed for the upper division, or the upper 
twenty feet, in the part of the formation represented in figure 1, on 
page 73. 

With so quick a way of dumping the load of the great glacier it is 
nothing incredible that the channel of West Creek should have been 
cut off from its northern continuation, the Beaver Pond basin ; nor 
is it impossible that, by like means. Mill River should have had it« 
course through the same basin and channel intercepted by half a mile 
of sand and gravel, and have been forced to open a new way for it- 
self by Whitneyville, although deemed improbable for the reasons 
stated on page 55. Even the floods of Niagara were thus stopped 
short ; the old gorge, as long since made known, was filled to the 
brim for miles by the drift, and the river was turned off to work out 
another passage through the rocks, f The accumulations of a '* ter- 

* Besides the boulders described on page 68, there are the following in more remote 
localities. One, of trap, 6 miles in an air-line north of the city, l^ m. west of Ives* 
Station, fifty rods west of W. Fenn's, south and east of a bend in the road, is 88 feet 
in girt and 1 7 feet high, and must weigh over 600 tons. Less than half a mUe south 
of this spot, near, and east of, the " West Woods " road, a little south of R. Warner's 
house, there are four great trap boulders, nearly in a north-and-south line, the largest 
60 feet in circuit Half a mile north of the Mt Carmel gap, a short distance west of 
the railroad track, (and in full sight from the cars when passing), there is a boulder of trap, 
somewhat house-like in shape, which is 25 feet long by 14 wide and 16 high, with a 
girt of 68 feet; and along side lies a slice fVom its broad face, averaging 4 feet in 
thickness, which when a part of the mass, would have made its diameters 25, 18 and 16 
feet, and its original weight at least 460 tons. It shows traces of vertical lamination, 
like a trap dike, and was probably taken off fh>m some trap-mountain before it had fall- 
en fh>m its place. 

f Dr. Newberry in his memoir on Surface G^logy, already referred to (p. 49), men- 
tions the Ohio river as another that was diverted by the filling up of the old channel 
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miiial moraine " in the ordinary slow way would never have stopped 
the course of a Niagara. But before a sudden down-throw of sand 
and gravel from a freighted glacier, no stream is too large or rapid 
to hold its place. 

Although the accumulation of freight by the old glacier must have 
required a very long period, even that of the whole Glacial era, the 
deposition of a large part of the older "alluvium," if the above view 
IB right, was a rapid work — ^much more rapid than has hitlierto been 
suspected. Any attempt to measure the interval of time between the 
depositing of the top and bottom layers by comparing the thickness 
of the formation at New Haven with the accumulations now going for- 
ward along the shores would lead only to great error. This conclu- 
sion holds not merely with reference to all similar formations made by 
direct deposition from the glacier, but also to others accumulated by 
the action of moving or running waters immediately afterward, inas- 



in the Champlain era, and states that its present course alon^^ the falls or rapids near 
Louisville was thus determined. Other cases also arc referred to. 

It is possible that in Mill River we find an example of such a chan.flre of course, as I 
have stated above. But the facts with regard to the Mill River pravel-courso (p. 71) 
are another argument against it It will be understood that this gravel is not that of 
the bod of the stream, but the material of the terrace or drift formation stiinding high 
along the border of the river; and that it is similar in character above and below the 
TVbitneyville dam. It seems to be good evidence that the river occupied its present 
channel throughout the period of the deposition of the drift 

A change of course in the Quinnipiac tlirough the cause alluded to is quite prc»bable. 
The river at the bridge flows in a sandstone trough, the rock rising above the river 
10 feet on the western side and over 20 on the eastern. Along tlie road running 
thence eastward to the depot (50 to 60 rods distant) which rises from 15 to 25 feet in 
level, there is no sandstone, and instead a deep bed of the sand of the stnitiflod drift. 
The wells at three of the houses west of tlie depot go down 2 to 4 feet below high- 
water mark in the river, without reaching the '* red rock." Moreover the low flats of 
the river north of the bridge spread eastward and sweep around to within 40 jards of 
the depot; and in consequence, a brick house recently built opposite the depot (across 
the street), while it stands in front on the Arm sands, rests its northern or back walls 
on piles which were driven down in the meadows 20 feet without finding for all of 
them a firm footing. That the river's bed was once here is the supposition of those on 
the spot who know the facts. But we may suspect further, that the river from this 
point fiowed southward to join the present channel half a mile below, the low level of 
the bottom of sandstone over this region determining it; and that the sands and gravel 
derived directly from the glacier or indirectly through the river floods, during the sub- 
mergence (45 to 50 feet in amount, as shown beyond) of the Champlain era, filled up 
the earlier channel, so that the stream, when the land was afterward elevated, was 
forced to open a new channel, in doing which it took a course over the rocks because 
compelled to it by the existing slope of the surface. 

TBANa CoNinscncuT Acad. Vol. II. 6 Januabt, 1869. 
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much as the hills and valleys were everywhere left by the glacier 
loaded with sand and gravel ready and convenient for transportation. 
The evidences of rapid deposition are so many and obvious that 
they appear to set asi<le any theory of the glacial cold which demands 
a slow decline of the era. 

2. Lut«r events and results of the Champlnin era. 

1. Conthiwition of the Drift formation, — It has been stated that, 
during the progress of the depositions by the melting glacier in the 
bay, the lighter or finer portions would have been largely sifted out 
by the moving waters; and while part, of the sands would have been 
eddied off to one side, a much larger part would have gone with the 
current and the eb])ing tide down the bay to be distributed by the 
tides chiefly at their influ-x along its borders. 

Over the whole of the wide western portion of the New Haven 
plain, and especially the southwestern, the terrace formation consists 
of sands. To the north, toward Westville, at the entrance to West 
River valley, there are pebbly layers ; but, on ])assing southward, 
these rapidly lose most of their pebbly character, and increase in fine- 
ness ; and between Congress Avenue and Oyster Point, the beds are 
almost solely sand. The detritus which is now borne by the rivers to 
the bay is distributed largely along its western side, and there, 
consequently, are the great sand flats ; and this is so because the di- 
rection of the tidal cuiTcnt in the Sound on its influx is to the tcest^ 
and as it enters the bay to the northwest ; and the depositions of de- 
tritus take ])lace mainly during the inflowing tide. Tlie same would 
have been the action of the currents and tides in the Champlain era ; 
and hence this western part of the New Haven region would have 
been, from the beginning of the depositions, an area of accumulating 
sand beds. 

Tlie part of these sand beds that were made during the progress of 
the melting, should be marked off, if they could be distinguished, as 
belonging to the first section of the Champlain em, and only the sub- 
sequent additions, as " later results ;" but the ])rogre8s of the beds 
through tlie two intervals was continuous, and it is probably impossi- 
ble to ascertain the limit between them. The hills and valleys, after 
the melting was completed, wouhl in many places have been left thick- 
ly covered with sand and gravel ready for transportation by every lit- 
tle rill the rains might make, and the rivers would for a considerable 
time have continued to transport an unwonted amount of sand. The 
depositions along the borders of the bay for a while would, therefore, 
have gone forward with a rapidity almost equalling that of the melt- 
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ing period itself; and tlie decrease of rate would liave been quite 
gradual On the west side of the bay near Ilalleck's place (where the 
present railroad grounds abut against it), a section of the terrace for- 
mation 25 feet in height (the upper twenty-five) is exposed to view, 
and throughout it, the beds have precisely the structure exhibited in 
fig. 1 (p. 73), and differ only in the paucity of pebbles ; they evince the 
same free supply of material and rapid dei>o8ition under the action of 
the waves. Moreover, the slope of the oblique lamination is toward 
the south (as in the lower part of fig. 1), showing that the deposition 
was accomplished mainly during the inflowing tides. 

The result of all this transportation and dej>osition was an exten- 
sion southward of the sand beds, as well as an increase in their height ; 
and the terrace formation was thus completed to its outer limit. The 
plain stretching south to Oyster Point and over West Haven gives us 
Bome idea of its extension in that direction ; but not necessarily its 
original extent, since the sea may have washed away much from its 
borders as well as from its uj^per surface. 

Over the region toward Oyster Point, the beds are sandy through- 
out, and free from any upper layer of fine river or bay detritus, such 
as is deposited about existing mud-flats and sand-banks. On Grape 
Vine Point, between the mouths of ^lill River and the Quinnipiac, 
there is the same absence of any thing like a layer of harbor mud 
over the sandy beds of the drift formation. The proof appears hence 
to be quite positive that these sandy beds did not lie for a lo7}g period 
beneath the watery after the niateriid was deposited, 

2. Sfindfonnations on the borders of the Quinnipiac valley, — Tlie 
Quinnipiac valley was the site of the inner harbor of the bay, during 
the Champlain era — and a harbor of great extent and depth, as already 
stated. While the sand-formation was in progress down the bay, 
changes should have been going forward within its area. On its bor- 
ders we naturally look for sand beds distinguishable from those that 
were made during the hurrying time of the melting by unconfonna- 
bility, and also by freedom from layers of coarse pebbles and cobble 
stones. One locality of such sand beds of considerable extent occurs 
on what was the southwestern border of the old harbor, at the north- 
eastern end of the cut made through the terrace formation for the Air- 
line railroad, south of the East Rock range. The character of the 
terrace formation along this cut has been described on pages 73, 74. Tlie 
position and general character of these whitish sand beds are shown 
in the following cut. The part A B C is the terrace formation, con- 
sisting of beds of sand, some quite coarse pebbly, and below including 
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three layers (M) which are of clayey sand. A B is the plane of sepa- 
ration between this part and the layers of whitish sand. Tlie latter 
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differ not only in their white color, but also in the absence of all peb- 
bles, and in the much greater fineness of the sands. Through the 
wiishing of the waters against the shores, they were not only ground 
up, but they also lost almost entirely the oxyd of iron that tinges the 
quartz grains of the proper terrace formation. At the foot of the 
slope A B there is a collection of pebbles or stones, and for a short 
distance east of B, reddish sands; the pebbles and sand evidently fell 
down the bank from the layers above, when it existed as an exposed 
slope before the beds of whitish sand were deposited. Tliese sands, 
moreover, were laid down in even layers, free from the oblique lami- 
nation that occurs in the terrace formation. 

3. Mudformationa in tJie Quinnipia<' harbor. — Besides these shore 
formations, the old harbor had its mud })ed8. They are the clay beds 
situated along the borders of the present river flats or meadows under 
3 or 4 feet or less of sand : in these later times they have become the 
sites of numerous brick-yards. The clay beds vary in depth from 6 
or 8 feet to over 25, the bottom in some places not having been reach- 
ed at the latter level. Where penetrated they are found to rest on 
sand. The clay is very thinly and evenly laminated. The beds have 
been opened at several points near the outer borders of the meadows, 
on both their eastern and western sides, through a length on each of 
about three miles. The width of the border of clay is reported 
to be from 100 yards to a third of a mile. The two ranges 
converge toward North Haven, where the harbor had its head, 
and where, moreover, the terrace formation becomes wider and crowds 
upon the river. The clay continues north, between layers of sand, 
under the lower part of the village of North Haven. I learn from 
Mr. D. H. Pierpont, that in digging a w^ell in the village of North 
Haven, after passing through 7^ feet of sand, a bed of clay 4 feet 
thick was met with, the bottom of which was 8^ feet above the level 
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of the Quiimipiac river. This 8 J- feet was made up of fine quicksand. 
The clay was a sandy clay, or what the hrick-makerM call "weak clay." 
This well is about 80 rods east of the depot. At two others, between 
the depot and the river, clay was found, and in one, there was at top 
4 feet of sand ; then 5 feet of " weak clay ;" and below quick-sand, li 
feet of it above the level of high-water in the river. 

The clay beds, according to Mr. I. L. Stiles, do not extend beneath 
the deep muck of the great meadows ; on reaching the mirck, instead 
of keeping at the same level, it dips dow?iward witii a rather large 
angle beneath the muck. What lies beneath the muck, whether clay 
or sand, has not been ascertained. In making the track for the Air- 
line railroad, which runs for nearly a mile and a half obliquely (north- 
eastwardly) across the flats, piles were driven to various dei)ths, down 
to forty feet ; solid bottom was reached, but the nature of its material 
is unknown. 

Over the region north of North Haven village, the upper plain or 
terrace is very wide and the lower relatively narrow, the reverse of 
what is true to the south. Moreover, the country is remarkably sandy, 
large fields of loose moving sands making part of the surface. These 
sands are the present top of the upper plain or terrace. When this 
region, in the Champlain era, lay at the head of the great Quinnipiac 
harbor near high tide level, it was in a condition to be washed over by 
the running waters, and it is probable that the grinding an<l sitting 
then went on that robbed the sands of their feldsj>athic and other 
softer grains ; and that what the sands lost the harbor received as a 
contribution to the mud of the harl)or, now the clay beds. 

The description of these beds of clay is here inserted under the 
head of the "Later events of the Champlain era." Hut it is not at 
present possible to decide whether part, or even all, of the deposition 
may not belong to the early part of the era. We net-d to know some- 
thing more definitely with regard to the relative positions of these IxmIs 
and the others of the drift-formation before a positive conclusion can 
be arrived at. The layers of sandy clay in the section at the cut for 
the Air-line railroad, represented in fig. 2 (p. 83), although 20 feet 
above the level of the meadows, may have some relation to the clay 
beds farther north. The fact that they have a dip toward the Quin- 
nipiac basin is a significant one, as intimated on pagt? 72. 

What depositions were going forward at this time in the Beaver 
Pond basin, the central basin of the New Haven harbor, cannot be 
ascertained without an artesian boring. Such a boring would de- 
velop several facts of interest ; for the depth to the sandstone bot- 
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torn would give the depth of the original exeavation; that of the 
beds of sand over it, the thickness of the drift derived from the gla- 
cier; that of any clay bed, or infusorial bed, or shell deposits, and of 
the peat, other important points in its history. The depth of the 
basin was small compared with that of the Qiiiuuipiac liarbor, as is 
evident from the present level of its meadows. 

4. Denudation. — In this era of submergence, the sea breaking 
against the foot of East Rock and tlie other cliifs of the bay, must 
have worn away the sandstone along the base, and thus carried for- 
ward the degradation of tlie trap dikes and sandstone hills wliicli had 
been begun by the glaciers. The waves acted uj)on the region in front 
of Pine Rock both from the direction of the Beaver Pond basin, and 
that of the broad West River channel. The part of the Beaver Hills 
occupying this position being thus attacked on both sides would have 
been soon swept away and a free passage made across for the 
waters. This si)ot is now occupied by a portion of the New Haven 
plain, directly proving that waters comnmnicated across from the 
Beaver Pond basin to the West River channel, or the reverse, as just 
stated; and the degraded condition of the front of Pine Rock is 
further proof of the action of the sea here supposed. The sweep of 
the tides across this reirion, would have some where made a tidal chan- 
nel; and this channel, as the high terraces either side show, was that 
which alter a while became, and now is, the outlet to the Beaver Pond, 
along the north side of the Beaver Hills (see map). In like manner, 
a depression was made in front of the larger part of Mill Rock, by 
encroachments u]>on Sachem's ridge. The disjunction was not so com- 
plete as in the case of the Beaver Hills, because the central basin of 
the bay, the Beaver Pond, gave no aid through its currents and waves, 
since it was remote from Sachem's ridge, while close along side of the 
Beaver Hills. As already observed, the streamlets descending the 
front of the Rocks afler rains would have aided in the process of denu- 
dation, and with much greater eflect after the elevation of the land 
which closed the Champlain era. 

.S. Life of the Chaiiiplaiii Kra. 

.More than a score of years since, according to Mr. I. Lorenzo Stiles, 
the antlers of a buck were dug up at a depth of 10 or 15 feet at the 
Stiles clay-bed near Xorth Haven village. Mr. Stiles informs us that 
they were those of the common si)ecies of deer. The specimen was 
deposited in the New Haven Museum, an institution which years 
since came to its end, and it has been lost sight of, so that the fact 
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with regard to its species cannot be verified. It is also stated by Mr. 
Stiles that impressions of leaves have been found in the clay. The 
muck at a deptli of 6 to 12 feet has been found to contain at places 
great logs and stumps, nuts and leaves, accredited popularly (and 
probably rightly) to trees of existing species. But these are subse- 
quent in age; for the muck beds of the interior of the basin could 
not have been begun until the salt-water harbor had been mostly ob- 
literated by an elevation of the land. 

The above is all we have yet gathered from the deposits of the 
New Haven re<yion with regard to the life of this era. It is certain 
that there is much more to be learned ; for there is good evidence of 
the existence of the Mastodon fomierly in this part of Coiniecticut. 
While digging for the Farmington Canal in Cheslure, 13 miles north 
of New Haven, three or four teeth of a Mastodon were found, (Am. 
J. Sci., xiv, 187, 1828); and long before, remains of the same animal 
were obtained near Sharon. Also later, a vertebra of a Mastodon was 
brought to light in digging a canal for a manufactory in Berlin, the 
bone occurring in "a tufaceous lacustrine formation, containing 
bleached fresh-water shells of PUmorhia^ Lynuicpa^ Cyclas^ etc., sim- 
ilar to those of the waters in the vicinity."' (Am. J. Sci., xxvii, 106, 
1835). This Berlin Mastodon existed as late as the Champlain era ; 
for if of earlier time the lacustrine dej)Osit would have been buried 
beneath drift, either the stratified or unstratified. 

6. Terrace or Recent Kra. 

The work of the waves, tides and rivers went forward until the 
great drift formation of the bay and river valleys was completed. 
An elevation of the land then commenced which aftected cotempora- 
neously all New England, and, it is believed, a large part of the con- 
tinent, and bordered the rivers and lakes with terraces. This eleva- 
tion marks the transition to the Terrace or Recent era. 

1. Amount of Elevation. 

In determining: the amount of elevation of the land about the New 
Haven region, we have to take it for granted, not only that the plain 
was leveled off by the waters, but further, that a considerable part, of 
its surface at the time nearly coincided with that of the water. The 
even character of the plain shows that this is not an improbable as- 
sumption. 

The following are the results of the observations upon its level thus 
far made. The heights along the river valleys, the Beaver Pond ba- 
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sin, ths valley of Pine Marsh Greek and the borders of the bay are 
from approximate measurements, by means of a hand-level, by the 
author. The rest are from the large map of the city, published in 
1858, from surveys and drawings by Mr. S. W. Searl. The distances 
from Oyster Point given are ditterences of latitude, or northings, in 
statute miles, and are derived from published maps. In reckoning 
the heifirhts mean-tide level is taken as the base. The heijjhts are not 
given of such parts of the terrace or plain as are obviously below the 
true or normal level (owing to river or tidal euiTents, or other causes), 
a fact generally made manifest by neighboring portions being at their 
full elevation. 

I. Height of the surface along a nearly north-and-south course 
through the middle ])ortion of the New Haven plain, from Oyster 
Point, by the College Square, to the Beaver Pond Meadows, and 
thence, half a mile to the eastward along the valley of Pine-Marsh 
Creek, (or as it is sometimes called I*ine-Swamp brook). 

Oyster Point 

In line with id., w. of West R. 
N. of Oyster Point 
Halleck's Place, S. side* 
" " N. side 

College St, front of S. College 
York street, corner of Broadway 
Beaver Pond basin, S. end 
Id., E. end of Munson street Creek 
Id., W. end of Munson street 
Id., outlet, W. side 
Id., opposite outlet, on E. side 
Id., further north, E. side 
Id., farther north, at road crossing 
P. M. Creek valley, at southwest point 
Id. at road crossing. N. \V. of W. end Mill Rock 4*20 
Id., farther north 
Id., S. E. of Hamden Church 
Id., at mouth of Creek 
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♦ Tlie reader is advised to put a letter H on the map (p. 44) throc-sixteentlis of an 
inch north of the letter 0, west of the harbor, and the letters G P on the point of land 
between the mouths of WM River and the Quinnipiac 
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11. Up West River valley. 



Crossing of N. Y. railroad 
End of Washington street 
Crosdinj; of Milford turnpike, W. side 
North of Id. 

Above crossing of Oak st, W. side 
Crossing of Derby turnpike, W. side 
*' «» " E. side 

Crossing at VVestville, E. side 
Crossing at VVestville, W. side 
Near Congregational Church, Westville 



III. Up Mill River valley. 

Near Neck Bridge, east side, to highest point 

Snydnm Grounds, Whitneyville, W. side 

Above dam, below Ist bridg-e, W. side 

Whitneyville Church 

N. of the Church 

MouUi of Pine- Marsh Creek 

Above mouth of Id. 

IV. Up the Quinnipiac valley. 

Foot of Third st. Fair Haven, near mouth of river 
Crossing of Shore-line R. R., W. side of river 
North of Id. 

Crossing of Air-line R. R., W. side of river 
At North Haven 



V. South of the latitude of Oyster Point. 

On the west coast of the bay, 0*33 m. south of Oyster Point, the terrace is 24 
feet high ; 0*43 m., 21 to 23 feet; 1-30 m., at the Savin Rock beach, only 8 feet, 
but about 300 yards north, 14 feet 

In the following table the results in the preceding four tables are 
brought together for com])ari8on. The Roman numerals I, II, III, IV, 
indicate the table from which the numbers below are taken. 
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The Beaver Pond Meadows and the valley of Pine-Marsh Creek are natural 
levels, the former over a mile long, the latter three-fourths of a mile, each con- 
taining a range of nearly still water along tlie bottom through this distance ; and 
hence tlic height of tlie terraces on cither side is ascertained witJi great facility. 
It has already been stated that in the latter this water level is detennined by the 
Whitneyville dam, so that the height of the dam gives, after an allowance for tJie 
back-water rise, the height of the water above mean-tide level, even for that of 
the upper part of the valley west of Mill Rock. The edge of the dam over which 
tlie water falls is J34 feet 8 inches above the base of the dam, according to Mr. 
Eli Whitney ; and the surface of the water a few yards back is 4 inches hi<^her, 
making in all 35 feet for the whole height of the fall. The base of the dam is 
very near mean-tide level. The back water above Uie dam extends about 2^- 
milcs, to within 300 feet of the dam at Augerville ; the inciease in the height of 
the surface along tliis distance has been estimated to be about 6 inches a mile ; 
or 15 inches for the whole distance, and 8^ inches to the mouth of Pine-Marsh 
Creek. 

Tiie elevation above mean-tide level of the water-surface in the Beaver Pond 
Meadows near its outlet, is taken at 22 feet, in accordance with infonnation re- 
ceived from Mr. Eli W. Blake as to the heights of the dams between the Beavor 
Pond meadows and West River. A few hundred feet above the outlet of the 
Beaver Pond basin, the meadows commence a rising grade northward, as is obvi- 
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ous in the rippled surface of the little streamlet which flows along it; the increase 
of height thereby at the crossing of the road to Pine Rock (8*80 from O. P., in 
Table T) is at least 3 feet; and beyond this to the north the slope of the meadows 
runs parallel closely with that of tlie terrace plain either side, the height of the 
plain, oven to its northern extremity, above the meadows being quite uniformly 
31 to 32 feet 

Tlje observations show that the plain rises gradually to the north- 
ward. The average increase of elevation from Oyster Point to the 
mouth of Pine-Marsh Creek, a distance of five miles, is lo feet per 
mile. From Oyster Point to York street, two miles, it is s.J f(»et; 
and to College street nearly VJ feet ; from College street to the west 
end of the Munson street crossing of the Beaver Pond meadows, one 
mile, it is only (5 feet; along the Beaver Pond hasin, from its south- 
em end to the road which crosses it a little south of tlie line of Pine 
Rock, a mile in distance, the rise is 13^ feet ; ah>ng the valley of Pine- 
Marsh Creek, the average per mile is about 12 feet. Tlie sl<»pe for a 
mile north of College street, that is, between 1*80 and '2*80 mih's in 
latitude from Oyster Point, is more gradual tlian either to the north 
or south ; and the same is true for a surface of like latitude near West 
river, on which the increase in elevation from Oak street (r>^5) to 
Westville (3*15), 1'30 miles in distance, is only 8^ feet. 

The fact that the increase of elevation northward is bv a qnidHnl 
slftpe^ and nat through a mvcofi^sion of two or more abrupt tn'rare.s', is 
manifest along Dixwell Avenue (the road to II amden Plains). The 
Avenue lies to the east of the Beaver Pond Meadows, an<l to the west 
of Pine-Marsh Creek, and extends northward in a nearly straii^ht line, 
beyond the moutli of Pine-Marsh Creek; and hence any terrace 
would be apparent along its course, or in the fields eitlier side, if such 
existed. 

The observ^ations prove the fact of an elevation of the land along 
this part of Connecti(*ut after the Champlain era, the era in which the 
drift formation was made. They also aj)pear to prove that this eleva- 
tion was greatest, by a nearly regular rate, to the north. Ihit before 
arriving at any conclusions as to the amount of elevation, or its rate 
of increase northward, it is necessary to consider: 

JPlrst, Whether part of the slope above pointed out did not exist 
in the surface before the elevation began. 

Secondly, Whether part of the slope was not formed by the retreat- 
ing waters during the i)rogress of the elevation. 

Iliirdly, Whether part is not a result of a sinking of the more 
southern ])ortion of the plain since the elevation. 



92 J, D, Dana on the origin of some of the 

(I.) Slope ANTKi>ATiN<i tiik klevation. — There can be no doubt 
that part of the slope antedates the elevation. This may be true of 
eai'h end of the slope, that is (A) the southern part adjoining the bay, 
and (/i) the nurthern part. 

A. The Southern Part. — A slope in the southoni pait may have 
arisen {a) from the tidal currents with or without the waves, aided by 
the river floods; (b) from the waves alone; or (c) from iurreasing 
depth in the bay outward, and (lecreasing sup])ly of sand. 

(a.) From tidal currcnta, — Oyster Point projects toward the 
Sound between West Kiver and the bay, and in this exposed condi- 
tion would in all pr(d)ability have been swept by the tides in such a 
manner that it would have failed to be built up to the wat<»r s surface 
or to nu*an tide level The t.nstern ])art of this Point for the last half 
mile is actually half l<»wer than the western or that bordering West riv- 
er, owing undoubtedly to the action of the cause here mentioned; and 
the western sulfercd also ; for, on the other side of West River the ter- 
raee. is *J4 to 24-\feet high. Grape Vine Point, a mile and a quarter 
fartlier north in the bay, is another example of this effect, as observed 
on page 72, where the facts as to its little height over its middle, and 
the western or Mill lliver side, and the full height of the terrace on 
the Quinnipiac side, are stated. Had the Point been a little narrower, 
it might have been low all the way across, so that it would liave re- 
mained doubtful whether this low level was due to tidal currents or not 
But the heights on the Quinni])iac side are as great as those of the 
middle of the New Haven plain in the same ea^t-and-west lines, so that 
they have nearly the normal elevation. They show, therefore, that the 
lower part of the Point is over 20 feet below the normal level, owing 
to the action of the great central tidal flow up the bay. Again, at 
the corner of State and C-hajiel streets, along side of the channel of 
the old East Creek, the present height is 15 feet, or about 22 feet be- 
low the full height for the latitude; and this influence of the sweep of 
the tides is felt all the way nearly to an east-and-west line through 
the corner of College and Chapel streets. 

It is quite certain, in view of these facts, that Oyster Point was 
in no part built uj) to the water level. How much to allow for the defi- 
eiencv, we have not facts to determine. An allowance of 10 feet 
could not be too great; and this would give 31 or 32 feet as the 
height which the Point would have had, if no such cause had ope- 
rated. 

If the surface of the plain at Oyster Point, corresponding to the 
original wjiter level, is to be reckoned at 30 feet above the present 
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meau tide, then the slope normal for the wliole of the phiin to the 
southern part of the Beaver Pond meadows, a distamre of 2} miU^s, 
would not have been over six feet a mile. 

b. From the waves alo?i£. — The Lay flats are a direct continuation 
of the flood-grounds or lower flats of the rivers enteriii«r the bay ; and 
yet the former are leveled off at one-third tide, or lower, while the 
river flats and those of any sheltered coves may be very near hip;h- 
tide leveL Tlie flats in the bay, like those outside, are washed by 
the waves and hence their lower level. If the surface is at one-third 
tide, as is the case with the flats off West Haven Point, there is then 
a difference of about 4 feet between their level and that of the flats 
or meadows along Mill river and the other rivers of the region. CV>n- 
sequently, in a rise of the land the surface of the river fats would he 
3 or \fect higher than that of the unprotected hay flats. 

When, however, the river flats are wet meadows, made of deep 
muck and oozy mud, they will dry and sink, and may thus lose all 
their excess of height, unless the flats are of so soft a mud as to set- 
tle equally. In the latter part of last century the tides were mainly 
shut out from the upper part of West River by a dam along the line of 
the bridge of the Millbrd Turnpike (see map) and, as a consequence, 
the meadow north of the dam is \^ feet lower than that to the south. 
Those who know the history of the changes there attribute the dif- 
ference of level to a fall in the surface from loss of water beneath ; 
and this was doubtless the true cause. J5ut, in the case of the river 
flats of the Champlain era, there is no evidence that they were topped 
by muck meadows; for in all the sections exposed to view they 
carry their sandy layers quite to the top. We may therefore reason- 
ably assume that 3 to 4 feet of the excess in the height of the part of 
the plain leveled hy the river floods above that of those along the bay, 
are to be attributed to the cause here explained. 

c. Slope as a combined residt of (a) the increasing depth of the 
waters southward over the shallow border of the hay region^ and (b) a 
decrease southward in the supply of sand — the deposits as they extend 
southward consequently rising to a less and less height beneath the 
water's surface. The waters dropping their sands as they flow on 
through the bay would necessarily have had less for deposition about 
its outer portion. Part of the diminishing elevation of the plain in 
West Haven toward the Sound (p. 89), and perhaps something of that 
of Oyster Point, may have this explanation; anil the latter may have 
been the principal one of the two causes here included. 
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B. The Northern part, — Somewhere across the Xew Haven region 
there was the limit of proper tidal action, or of the salt water dood- 
grounds, an irregular line bending north along the river valleys. 
[The northward bend for the rivers is much less than what the rise of 
the tides in the streams would seem to indicate ; since this rise is 
largely due to the fresh waters lieing dammed up by the incoming 
tide ; and in case of river floods, the Iresh waters, and also something 
of the river slopes, may force their way to the bay, and even into it, 
in spite of the tides.] Whatever the position of this line, the plain 
to the north of it was made and leveled off by the river floods, and 
not by the tides. Tlie slope of tlu' surface in this upper part should 
therefore correspond with that of the waters in the flooded streams of 
the Champlain era. 

It would be a great convenience if the sea had left its mark well 
defined across the plain ; for then the present height of the former 
sea-limit would be easily ascertained. Hut all traces of a line of beach, 
if such there were, appear to be obliterated. We are left, therefore, 
to approximations from uncertain data. 

We safely conclude that the land now at 30 feet elevation w^as with- 
in the range of the sea, for this is the height directly on the hay^ at 
Halleck's ; and further, that of 35 feet, for this is the height on the 
bay at the mouth of the Quinnipiac ; and, moreover, the whitish sands 
overlying the terrace formation on what was the shore of the Quinni- 
piac harbor (p. 84), have a height of 35 feet notwithstanding the de- 
nudation they have undergone at top since their deposition. 

Again, the part of the plain between 38 and 44 feet in elevation 
above mean tide is that whi(;h has the least slope, or is the most near- 
ly level : and above it, or to the north, the plain nses at the rate of 1 1 
to 12 feet a mile. There appears to be reason in this fact for placing 
low-tide, or mean-tide, limit near the line of 44 or 45 feet. If 44 were 
the low-tide limit, then high tide would have reached to the present 
50 feet level ; and the terrace formation, in the Suydam grounds be- 
low the Whitneyville dam west of the river, 53 feet high above mean- 
tide level, might have been the work of the sea water alone. Fifty 
feet as the high tide limit, would correspond to a difference of level 
in this region between the Champlain and Terrace eras of 50 to 51 
feet, since the surface of the present river flats at Whitneyville is at 
high tide level. 

Along the Mill River valley, above Whitneyville, the rising grade 
of 11 to 12 feet a mile for the plain continues not only to the mouth 
of Pine-Marsh Creek, but also nearly to Ives' Station ; beyond, the 
rate diminishes to 10 and 9 feet, the latter occurring just below Mt. 
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CarmeL The height of the terrace-plain along Mill river is approxi- 
mately as followp ; 

Above the river. Above mcan-tldo level. 

At Whitneyvilie dam, (by calc.) . .55 feet. 55 feet. 

1*40 m. X. of Wh., at mouth of P. M. Creek, 

(by calc.) 

2*25 m. N. of W., at Augurville 

4 m. " ^ m. S. of Ives's Station 

4^ m. " at Ives' Station, 

6^ m. " south of Mt Carmel gap 

The heights above mean-tide level are obtained by adding the known 
height of the river at the several places mentioned (see page 101) to 
the height of the terrace. The height corresponding to thu position 
of the Whitneyvilie dam is deduced from that at the Suydani grounds, 
a sixth of a mile below. The slope of the teiTace plain up to the sta- 
tion half a mile south of Ives's station, according to the above, is 12 
feet a mile, the quotient from dividing the difference of 103 and 55 by 
4 (the <listance). For the whole distance to Mt. Carmel, the average 
is about 11 feet a mile. 

When it is considered that the waters which leveled this plain were 
the same that distributed the sand and gravel of the drift formation — 
that, in other words, the plain is only the upper surface of the drift 
formation then deposited, it is obvious that the water, to have made 
such a slope over so wide a region, even to the shores of the bay, must 
have been those of a flood of no common magnitude. For the last 
mile, the flooded waters of Mill Uiver were united in one great tumul- 
tuous sea with those of western Ilamden, or those of the several tribu- 
taries of Wilmot Brook, for the plain in this part has one level all the 
way across, a distance of three miles. Such a flooa could hardly have 
come from any source but a melting glacier, and must have been sim- 
ultaneous with the deposition of the material arranged by the waters. 

The evidence that the drift formation north of the line of Whitney- 
vilie is attributable to the action of river floods, and not simply to an 
elevation of the land greatest to the north, is proved by the very dif- 
ferent level of the terrace formation in the same latitudes in the Quin- 
nipiac and Mill River valleys. 

lu the village of North Haven the stratified drift, east of the river, 
has a height in St. John street (a road ascending the west slope of a 
hill) near the northeast angle of the cemetery, of 40 feet above the 
river at high tide, or 43 to 44 feet above mean-tide level in the bay. 
The terrace plain is however poorly defined, and the hill rises gradu- 
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ally eastward to 61^ feet above high tide in the river ;* yet the limit 
of llie stratified drift formation is well marked beneath the surface; 
for the material of the part of tlie hill above 44 feet is much more 
compact than that below, and abounds in })oulders or large stones 
promiscuously distributed, (many of them over a foot in diameter, and 
some very distinctly marked with parallel grooves from abrasion 
while in the foot of the old glacier),f showing plainly that it is 
tmstratijied drift. 

On the icest side of the Quinnipiac, the terrace plain (also here not 
very well defined) has a height of about 46 feet above mean-tide 
level. 

Now this height of 44 to 46 feet (or perhaps 60 normally), at North 
Haven village occurs on the same east-and-west line with that of 108 
feet in the Mill River valley. If a/i elevation of the land toere the 
cause of the increase of height northtcard, the two shotdd have been 
alike, Tlie difterencc must be owing to the peculiarities of the two 
river regions. The Quinnipiac valley is that of a much larger river, 
has a much greater width as well as length, and opens toward the 
bay with a breadth of more than a mile, ^foreover it descends to 
within four feet of the level of the sea at North Haven, four miles 
farther north than Whitney ville, a condition owing to the deep ex- 
cavation of the basin in earlier time. The waters over such a basin 
would have been nearly level throughout, "with only a small rise if 
the floods descending it were very great. The terraces therefore 
should have been but little above those at the southern limit of the 
basin between East Rock and Fair Haven, which is the fact ; and 
hen(*e the wide difference in height above the sea from what is observ- 
ed in the Mill River region. 

The conclusion that the amount of elevation w^as near 50 feet it 
sustained by the fact that the terraces on Mill River are at least 50 feet 
in height above the level of the river even as far north as Augur\dlle, 
2^ miles from Whitney ville. The height of the ten-ace depends on 
the depth of the excavation after the elevation; and if the slope of the 
river's bed after the excavation is just what it was before, (provided 
the slope of the land had not been changed by greater or less eleva- 

♦ According to leveling by Mr. D. II. Piorpont An average tide rises 3^ feet 
f The boulders lying on the surface in tlie southeast part of the Cemetery, (the part 
that is highest on the slope of the hiU) were thrown out, as I learn from Mr. James H. 
Thorpe, in excavations for graves. On the east slope of this hill (or that awaj -ftom 
the river), the stratified drift, judging from tlic loose sands of the surface, may extend 
a little higher than on the west side ; but this point remains to be investigated. 
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tion to the north,) then the interval between the level of tlie ternice 
plain and that of the present flood-plain of the river (47 feet at Augur- 
ville) would just equal that of the amount of elevation. J>ut in fact 
the river's bed at Augurville is 3 or 4 feet above what is required for 
a restoration of the earlier slope (p. 101), and not more than one foot 
of this 6 or 7 can be attribute*! to tlie rise of the land being greatest 
to the north ; and hence 50 feet for the amount of elevation in the lat- 
itudes of Whitneyville and north to Augurville cannot be too great. 

(2.) Slope made during tuk pkogkess of the Elevation. — 
Since the sand-flats of a bay have their height detennined by the 
tides and waves, and are thus kept, for the most part, below mean 
tide level, a rise of the region exceedingly slow in progress might re- 
sult in a wearing away of the surface at the same rate of progress ; 
and thus the height of the sand-flats would be lowiTed, as the rise 
went on. But the material washed olf from the flats would be carried 
to the shore to extend the beach seaward. The relation of the beach 
to the sand-flats may be seen along the shores near Savin Rock. As 
the rise went forward, the beach would keep extendhig ; and as the 
beach attains a height by the accumulations, of only a few feet (three 
or four at Savin Rock) above high tide (the height of wave action), 
the flnal result would be a gradual seaward slope in the surface of the 
land, and one made during the progress of the elevation. But in such 
a case beach accumulations would have l)een laid down over the land 
to a depth of six feet or more ; which wouhl evince their origin ])y a 
dip in the layers of the lower part corresponding with the slope of the 
original beach, and an irregular arrangement of layers in the upi)er; 
if not, also, in the presence of beach relics. 

Now, over the New Haven plain, all the way to Oyster Point, the 
drift formation in the numerous sections hns a uniform horizontal 
stratification to the very top. The sands of the upper foot or less are 
discolored by the growth of vegetation, yet they are in fact a part of 
the upper layer. An overlying beach formation is nowhere distin- 
guishable. There is therefore no certain evidence that any of the sea- 
ward slope of the plain was })n>(luced by the method here explained. 

The facts tend to show that the elevation that placed Oyster Point 
and the land farther north above the sea w^as not slow in progress. 

(3.) Slope bksultixg from a later sinking of the sea-mak(;in. — 
The evidences of a later sinking of the sea-margin to be looked for 
are the following: (1) Old stumps, in the position of growth im- 
bedded in the flats or the shallow waters ofl* the coast ; (2) sub- 
merged remains of human structures; (3) submerged shell heaps 

TRAN& CoNKEcnouT AcAD., YoL. II. 7 Januabt, 1870. 
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bearing evidence of man's agency in their accumulation; or (4) if 
the sinking is one now in progrei^s, it should be apparent in the fact 
that the waters have deepened in historic times over submerged rocks, 
or in harbors. Xo proofs of such a sinking have been observed, and 
no one among those who have had the most to do T^-ith the coasts 
has suspected that any is now in progress. 

The fact that the plain extends quite to the western hills, without 
any higher margin or range of beaches along these hills, is the strong- 
est argument for the supposed sinking, that is, a sinking greatest to 
the southwjird, 

(4.) Slope uesultixg from an increase in the amount of ele- 
vation TO THE NORTH. — Tlie great differences in the height of the 
drift- fonnation in the Quinnipiac and Mill River valleys have sliown 
that the slope in the surface of the latter is not due solely, or mainly, 
to an elevation of tlu' land that was greatest to the north. The facts 
in ^fill lliver valley would require, if this were the cause, an average 
increase in the rise northward of 1 1 feet a mile between Whitney- 
ville and Mount Carmel ; and those of the Quinnipiac, even taking the 
normal height of the ten*ace of North Haven at 50 feet, of but a foot a 
mile. Still it is possible that some part of the slope of the land is 
attributable to this cause, and even probable in view of the fact that 
the rise affected cotemporaneously all New England, and resulted in 
raising its northern portions, especially the northwestern, the most — 
the increase from New Haven, by Lake Champlain, to Montreal 
averaging 1^ feet a mile. Judging from the increasing height of the 
terraces to the northward along the rivers of Connecticut and Massa- 
chusetts, it does not appear probable that the increase per mile in 
southern New England exceeded one foot a mile. Adopting this 
rate for the New Haven region, the average slope of the part of the 
plain along Mill River valley, south of Mt Carmel, would be reduced 
to 10 feet a mile, and that of the part of the Quinnipiac south of North 
Haven, nearly to a level surface. 

(6.) Conclusions with regard to the Elevation. — ^The follow- 
ing are the conchisions to which we are led with regard to the amount 
and character of the elevation, 

1. That it was rapid if not abrupt, at least for the first 26 feet. (Pro- 
gress for a century or two would be geologically rapid.) 

2. That it was 45 to 50 feet, probably 50, in amount. 

3. That the formation of the northern part of the plain, beyond 60 
feet in elevation is due mainly to the floods of fresh water filling the 
valleys and spreading widely over the plains during the melting of 
the great glacier of central New England. 
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4. That not more than 1 foot a mile of the increase in the angle of 
the slope is due to a northward increase in the amount of elevation. 

5. Tliat part of the nipidity of slope in the lower i)ortion of the 
plain below 40 feet in height, alter allowing for a descent of the one 
foot a mile of §4, is due to tidal, wave, and river action over the region 
of the bay ; and part to increasing depth over the borders of the bay 
southward ; part to a decrease southward in the amount of transported 
8and. 

6. That part of the slope in the lower part of the plain may possibly 
be ondng to a slow sinking of the land along the margin of the Sound ; 
but that there is no evidence that such a sinking is now in progress. 

7. That the level of the terrace along Mill Kiver above Whitney- 
ville, and along the Quinnipiac north of North Haven may owe 'i or 
4 feet of its height, as conipare<l with that more to the south, to the 
fact that the surface of the latter was subjected to wave actir)n be- 
cause within the range of the bay. 

But may not this rise of 50 feet be only th^ Jinal condition after a 
series of osciUations of lerd? May not the land, when in course of 
elevation, have risen beyond 50 feet, even to 100 feet or more, and 
afterward have subsided to the present level ? It is possible ; for such 
aD oscillation as this, performed in a brief period of time, would have 
passed unregistered. That the land has not stood at a level of 100 
feet or so for any great length of time in the Kecent or Terrace era 
may be inferred from the fact that, both at the outlet of Sahonstall 
Lake, and at the passage of Mill River through the Whitneyville gap, 
the trap dike over which the waters flow has not been worn away 
below high tide level. The gap intersecting the trap dike, (in fact a 
trap ridge) was in each case worn down toward its present condition 
in the Glacial era, as already observed. It is not at all probable that 
an elevation of the land could have again exposed both these valleys 
through a long period to the wear of waters flowhig along them in 
rapids and descending in cascades of 60 feet or more, without at least 
one of them being worn to a lower leveL The trap at Saltonstall 
Lake is soft and easily decomposable. 

The rapids on West River for a mile above the bridge at West- 
ville, are evidence that the channel has not been excavated, since the 
Glacial era, to a depth much below the present bottom. 

It has been already stated that large stumps and logs occur in the 
Quinnipiac meadows. I am informed that it is a common thing to 
see them projecting from the banks at the very lowest limit of low 
water, or 5 or 6 feet below the level of the meadows ; and some have 
been taken out and sawed into good boards. The wet meadows along 
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the nvers of Connecticut ibnnerlv were mostly under forests, and it 
is probable that this was true of those of the Quinnipiac. But stumps 
could not commence their growth at such a depth, and hence the posi- 
tion of the stumps and logs may seem to show that the level of the 
Quinnipiac meadows wlien these trees were nourishing, was a few feet 
at least above the present, and that consequently a slow sinking has 
taken place. The evidence ai)pears to be sustained by tlie fact that 
the muck or peat in the meadows has great depth, for the lowest layer 
must have been near the present level of the meadows, when the 
plants of which it is made were growing. But the surface of a mea- 
dow may slowly subside, as growth goes on above, owing to the 
weight of the increasing accumulation of material ; and large trees 
are known to sink in soft swampy soil as they attain large dimensions. 
The evidence therefore as to the fact of even the small elevation which 
is here suggested, is quite doubtful. 

2. Results of the Klevatiou. 

As a consequence of the rise, the rivera had at once a steeper slope 
than before to the sea ; and hence, having new force for erosion and 
transportation, they set about deepening their beds, and the level 
also of the lower flats — ^making these lower flats mainly by encroach- 
ments on the terrace plain. They thus worked toward a restoration 
of the old slope at a lower level, or toward a slope still more gradual ; 
and in the process, they made for themselves deep cuts through the 
drift formation and left the upper surface of the formation as a high 
upper plain or terrace. Until this change, the stratified drift forma- 
tion was in no sense the terrace formation. 

Along Mill River, l)etween Mt Carmel and the sea, the out made 
was 35 to 55 feet or more in depth, as is indicated by the present 
height of the old flood grounds, that is, the terrace plain. The height 
of the terrace above the nver's surface is — 

A mile north of Whitney ville, (by calc.) - - - 51 feet. 
At Augurville, 2j miles north of Whitneyville - 50 " 

i m. S. of Ives' Station, 4 m. N. of Whitneyville - 43 " 

At Ives' Station, 4^ m. N. of Wh. - - - - 41 " 
i m. S. of Mt. Carmel, 5i m. N. of Wh. - - - 36 " 
The height of the surface of the river above tide level, as derived 
mostly from the height of the dams,* with an allowance of 6 inches 



* I am indebted for infonnation on this point to Mr. Charles Holt The height of 
the successive falls of water, north of the 35-foot fall at Wliitneyville, are (1) at Au- 
gurville, 8 feet; i mile above, Webbing Company's dam, 8^ feet; i m. above, Beers^s 
Grist Mill, 8 feet; near Ives' Station, James Ives' dam, 10 feet; at the Mt Carmel gap, 
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per mile for the rise in the back-water above the dams, and as much 
more for descent above Augiirville not included in the fails of the 
dams, is as follows at the different points here mentioned : — 

2\ m. north of Whitneyville, below the ^Vut^furville dam 36 feot. 
4 m. N. of Whitney ville, .V m. S. of Ives's Station - 60 " 
b^ m. N. of Wliitneyville, below the Mt. Carmel dam 8o " 
6 m. N. of Whitneyville, above the ^It. Carmel <lam 1»2 " 
It follows from the facts tliat the present slope of the bed of the 
river is about 15 feet a mile, while that of the terrace plain or old 
flood grounds varies from 13 to 9 feet a mile. The latter was the de- 
scent of the river in the Champlain era; and consequently the e - 
cavation which has taken place since the elevation closing that era 
has not wrought out as gradual a descent as the earlier, by one to five 
feet a rnile^ 1 foot a mile of the slope being taken as a result of an ele- 
vation of the land (p. 9ft, §4). 

The height of the terrace corresponding to the line of the Whitney- 
ville dam being 55 feet above mean-tide level (p. 95), its height above 
the surface of t/ie river as it stood before the dam was built would be 
about 63 feet. Consequently, the amount of excavation that would 
be required at Augurville to restore tlie old slo]»e would be 3 feet (50 
feet being the height of the terrace above the river's surface) at Ives' 
Station, 12 feet; below the Mt. Carmel gap, 5^ miles from Whitney- 
ville, 17 feet; below the dam at the gap, 5^ miles from Whitneyville 
(where the terrace as deduced from the average slope in this part of 
the valley has a height of about 34 feet above tlie river's surface, 
though now abnormally lower), 19 feet. 

At the Mt. Carmel gap there is a descent of 12 feet in half a mile, 
owing to the hard trap rock lying in the way of the river; but the 
terrace plain above appears to correspond in level with that below, 
that is, it has nearly the same slope and is almost in the same con- 
tinuous plain. For while the river here descends 12 feet in half a 
mile, the depth of the cut made by the river through the terrace or 
drift formation north of the gap is only 26 feet — this being the heii^ht 
of the terrace plain above the river. The amount of excavation in 
this part of the valley would therefore have to be 27 feet. 

These numbers, as already obsei-ved, are only apj)roximations. For 
exact results, the slope of the bed of the river and the heights and 
slope of the terrace plain shcmld be aj^ceilained bv more accurate 



F. Ives's dam, 12 feet; between the last two, S fiM^t: in all «9 foet. The back-water 
of F. Ives's dam is lej*s than a fourth of a mile in lenurth, and its head about 6 miles in 
an air-line north of Whitneyville. 
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methods than by the use of a liand-levol, ordinary measurements of 
the heights of dams, and estimates only of the slope of back water. 

In the West River valley, the depth of the excavation made })y the 
river is 45 to 4S fc^et in its lower part just above the limit reached by 
the tides, or near tlie Whalley Avenue bridge ; but \\ miles (in an 
air-line) up the valley, near the Pond Lily Paper ^fill and beyond, 
it is onh/ 7 or 8 feet. The river therefore, to within \\ miles of the 
tidal limit, has a level hut 1 or H fet<t beloto that which it had in th^ 
Champlain era. The plain spreads across this part of the valley and 
stretches far northward. But although showing so little elevation, it is 
actually over 10 feet above htean-tide level. The river has a descent of 
V2 or 7;^ feet from the head of back-water of the Pond T.ily dam to 
the bridge, a distance of 1 .1 miles, in an air line, which is equivalent 
nearly to 54 feet a mile.* There is also an unusually high angle of 
slope in the terrace plain of the valley, its height a mile and a half 
(1-50 m.) up the valley, being about 82 feet above mean-tide level; 
at 1'15 m. (Pond Lily dam), 72 feet; at 0-C2 miles (below Parker's 
Pai)er Mill), 02 feet ; at 0'3 miles (near the Congregational church), 
56 feet ; or in all about 24 feet a mile. These striking peculiarities of 
"West river, may come partly from the valley ])eing comparatively 
narrow ; but they arise mainly from the fact that the teiTninating 
ridge of the Edgewood line of hills crosses the couree of the 
stream just below the Pond Lily Paper 3Iill, and the passage cut 
through it for the watei-s is shallow. The bed of the stream in this 
part, as through all the region of rapids below, is made up of large 
boulders, and none of the schistose rocks of the Edgewood range are 
in sight ; but they must lie not far below. The terrace plain, standing 



♦ The faUs above tlie WhaUoy Avenue bridjje are as f»>llow8 : Ist dam, 4| feet ; 2d or 
Beecher'a dam, 8 feet; Iwtween 1st and 2d dams, 1 foot; 3d dam, orMallory's, 9 feet; 
above Mallory's, (Parker's and the Pond Lily dams), 50 feet; in all, 72^ foot The 
terrace near Beecher'a dam is 42 feet above tlie level of the pond, and tlie pond is at 
surface V^ or 14 feet above mean-tide level The avcni^n^ course of the ri\'er from the 
brid^ northwaixl is about northeast, so that in 1 ^ \\\. in its direction there is only about 
1 m. of northinjr. 

I may add here, as an addendum to page 76, that just west of the WhaUey avenue 
bridge, the oblique lamination in some of the layers of the terrace formation indicates 
the existencK) of a great river flood, or current southward, during the dei)Osition ; h*ke 
tliat which existed, according to similar evidence, in the Quinnipiac. But east of the 
bridge, the oblique lamination hiis the reverse dip, and thus shows that, throughout 
the progress of the deposition (|uitc to its close, the sands were under the action of 
waves and tidel currents /rowi the bay an<l not that of the river currents. This region 
east of the bridge, as the map shows, is outside of the Westville valley, the river bend- 
ing in this part quite far to the eastward. 
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high near the Whalley Avenue bridge, extends nortlieastward to a sliort 
distance beyond Parker's Paper Mill, and then is interrupted by this 
Edge wood ridge, the level of the road rising from 62 feet, that of tlie 
terrace plain, to about 90 feet. The ridge consists, to a considerable 
depth, of drift, and many boulders lie over its surface. Descendin^x to 
the north, the terrace plain is again reached near Harper's Mill, 
but instead of being 39 feet above the bed of the stream, as near 
Parkers' Mill, it has the low height of about 8 feet above mentioned. 

After the excavations were completed to their modem limits, the 
movement of the tides ascended West River to Westville ; West 
Creek to Broad street; East Creek to Elm street; Mill River to 
Whitney ville ; and the Quinnipiac to two miles beyond North 
Haven. East and West Creeks were the drainage streams for the 
surface between Mill and West rivers ; and considering tlieir little 
length, they were remarkable for the distance to which the tides 
ascended, for it was nearly half their whole length. They are now 
almost obliterated through the progress which man's " improvements " 
have recently given to nature's grading processes. 

The Beaver Pond depression even in the earlier Chamj>lain era had 
become partly filled up (probably because originally rather shallow) 5 
and after the elevation of the land its bottom was, as now, above the 
sea-leveL But the present height of the Meadows does not give us the 
original level ; what this height was we shall not know until we have 
ascertained what part of the present 22 feet above the sea is occui)ied 
by peat or other formations of the l^ecent or Terrace era. 

At the same time that the rivers were cutting down their valleys 
the tides and waves were making encroachments on thecoa^t deposits 
about the New Haven bay, and carrying forward a new system of 
tide-flats, sand-banks, and sea-beaches : and at this they are still at 
work. 

Moreover, over the land, lakes were made shallower, and many 
were reduced to swamps or wholly dried up. Some of the j)eat or 
muck bogs had their origin in these swamps, while others date irom 
the commencement of the Champlain era, if not before. The muck 
or peat of the Quinnipiac meadows must be mainly of the former, 
since in the Champlain era the region was deep under salt watiT. 
Part of what was formed along the borders of the old Qninnij)iac 
harbor, however, may have begun in that earlier era, and if so, this 
part ought to indicate it by the remains of salt water grasses and 
infusoria. This remark applies also to the Beaver Pond i)eat mead- 
ows. 
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Through this elevation of the Terrace era over New England and the 
continent, hy which rivers, lakes, and seashores were every where 
bor<lered by terraces, millions of square miles of land were raised 
froi!i the condition of low flood-groun<ls to that of elevated plains, 
fitted for fields, dwellings, and cities, for which purpose they were 
afterward to be used. The Xew Haven plain was thus made ready 
to become to man a means of happiness and improvement, and also a 
source of gratitude for so goodly a dwelling place, although its larger 
river is the Quinnipiae and not the Connecticut.* 

3. Life of thf: Terrwe or Recent Jira. — Of the wild animals whi(fh 
once inhabited the region in this Terrace era, only a sbigle relic has 
yet been found. A stick cut by a beaver, from the IJeaver Pond 
Meadows, w^as formerly in the possession of Eli W. Blake, Esq., but 
it is now lost. 

Aboriginal man has left his he;i])s of shells at vanous points along 
the coast. There is a layer of them beneath the turf, on the shore of 
the bay between llalleck's ])lace and Oyster Point. Others occur at 
intervals in a similar situation at the top of the terrace bonlering 
West Kiver above Oyster Point, as far as the cut made for the Xew 
York railroad ; in West Haven, along the terrace near the moutli of 
W^est Kiver; also, on and near the bay soutli of the mouth of West 
Kiver, where the fields for a consi<lcrable distance from the shore are 
underlaid by them, so that the surface is thickly sprinkled with iVag- 
ments of shells alter ploughing; on Grape Vine Point; at the top of 
the high terrace on the west side of the Quinnipiae north and south 
of Fair Haven; also on the east of the Quinnipiae at various points, 
one of them at the corner of Cliurch and Prospect streets in Fair 
Haven, just east of the Episfopal church, where a bed of this kind 
was laid open in digging a cellar for the house recently built on the 
spot. 

The shells ai*e either those of oysters, or the round-clam, and not of 
the long clam. Below ITalleck's, and on Grape Vine Point, they are 
mostly of the round-clam ; and at one j)lace in the fonner region, many 
of the shells appear to luive been burnt, and occur with fragments of 
charcoal. On the east side of West I^iver, near the New York rail- 
road, and on the west side along the ternice at its mouth, and also 
just south of the West Haven shi|» yard, oyster shells are most abun- 



* See papre 47. Saybrook has the mouth of t ho Connecticut river to which Xew 
Haven had n Trinssic title; and New Haven has Yale Collejre wliicli Paybrook lost, after 
IG YOUTH of j)08Po.<.jion from it^i foundation. If Xew Haven bay were now the month of 
tho (^'ounecticut, the site of the New Haven plain would be ].?art of the bottom of the bay. 
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dant ; but farther south along the coast of West Haven clam shells 
prevail. At Fair Haven, the shells arc mainly oyster shells. 

I have looked among these heaps thus far in vain for flint arrow 
heads and other Indian relics. 

Along the West Haven shore on the bay broken shells of the scal- 
lop (Pecten irradiana) and of the large " winkle" (Fuhjur carica), are 
occasionally met with. Two bones were found among the shells that 
had fallen from the edge of the terrace, which I have put into the hands 
of Professor Marsh, our pala?ontologist, for examination. One he re- 
ports is from the leg of a deer, and the other is probably from that of 
a wild goose. No distinct traces of charcoal or of burnt shells have 
been observed, except along the coast south of Halleck's place. The 
Indian evidently ate his clams as well as oysters in general without 
cooking. Tins is evident also from the broken con<lition of the clam 
shells. They look as if they had been treated like walnuts. 

The shell beds often lie directly ui)on the brown or yellow sand or 
gravel of the drift foraiation, evincing that the Indian inhabited the 
plains before the alluvium had been covered with, or converted at 
top into, BoiL But no instance is yet known of their occurrence 
beneath any of the beds of the stratified drift, or under the drift of the 
hills. They carry back the appearance of man in the region to the 
commencement of the Terrace or Recent era ; and not beyond this. 

7. "Wells in the New Haven plain. — Hard-pan beneath the bat. 

There are two series of facts l>eanng u])on the geological struc- 
ture of the New Haven region which should be here alluded to, 
although the subjects require farther investigation. One relates to 
the depth and source of the subterranean waters ; and the other to 
the existence and nature of a compact layer, or hard-pan, beneath 
the muddy bottom of the bay and the beds of the adjoining parts 
of the rivers. 

1. Wells. — The following facts with regard to the syhterranean 
ioaters of the plain^ as illustrated by its wells, I have from .Mr. D. 
W. Buckingliam, and Mr. Philo Chatfield, whose personal observa- 
tions in this direction have ])een extensive. 

(1.) The water is spread widely beneath the plain, and is not 
collected in local channels ; this accords with the sandy nature and 
horizontality of the deposits that aflbrd it. 

(2.) The height of the water varies with the degree of humidity 
of the seasons, the extreme diflerence amounting to about two feet ; 
it is ordinarily about three years in reaching its lowest level, and 
as many in regaining its highest. 
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(:^.) In dii^giiig wells, water is not usually found until a finn grav- 
elly layer Ls reached. 

(4.) Over the central i)()rtion of the New Haven plain, about High 
street, back of the College grounds, and to the north, water is obtain- 
ed wherever the height is near 40 feet, at a depth of about 26 tect — 
in other words, the upper limit of water, or the water-plain, is here 
about 1 4 feet above mean-tide level ; and the height of any spot over 
this region being ascertained, the number of feet of excavation re- 
quired to reach water is at once almost exactly known. To the south- 
eastward the water-plain di])s toward the bay ; its height at the cor- 
ner of Church and Chapel streets, one-fourth of a mile from High 
street, (where the height of the surface is 20 feet) is 6 feet, or 14 be- 
low the surface ; and one-sixth of a mile farther southeastward, in 
State street near Chapel (where the height of the surface is 14 feet), 
it is about 3 feet, or 11 below the surface. Through Chapel street, 
between Church and State, and over the region either side, the de]>th 
to water is 12 to 14 feet, and in State street 11 to 12 feet. On the 
southwestern border of the High street region, along Oak street, the 
course of the (dd Wast Creek channel, water rises nearly to the sur- 
face, or to a level of 12 or 13 feet above the sea, the land liere being 
low. Again in Grove street, on the other margin of the High street 
area, near the Cemetery, in the old East Creek channel, the water- 
plain is 20 feet above the sea ; Sachem's ridge is near by. 

In contrast with the above, we find that to the northwest of what 
we have called the High street region, beyond Dwight street, the 
water-plain dips toward West river, and falls even below the mean level 
of the water in the river, or that of the bay. Tims out West Chapel 
street, not far from its junction with the Derby Avenue, (where the 
plain has a height of 37 to 40 feet), wells arc sunk to a depth of 60 
feet before water is reached; the latter de])th is 10 feet below the 
ley el of the sea and of the river. I learn from Mr. P. Chatfield that 
the excavation for the well at the house now occupied by Mr. 6. H. 
Scranton, near the residence of Mr. E. Malley, was carried to a depth 
of 45 feet. Again, out Whalley Avenue, at Hamilton Park not far 
from West l?iver, the de])th to water is 45 feet. But on Hudson 
street, west of the jail, on Whalley Avenue, the wells are only 26 feet 
to water. Hudson street is therefore within the limits of the central 
high-water region of the city, while Norton street is beyond it. 

In addition to these facts resj^ecting subterranean waters derived 
from wells, there is another having an important bearing upon the 
subject connected with the great Beaver Pond depression. This ba- 
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sin, lying to the north of the High street region and but three-fourths 
of a mile from the College Square, is supplied through springs with 
an abundant and perpetual flow of water, making a stream of consid- 
erable size, which has its mill privileges like the rivers from the hills 
(p. 53.) The level is constant at about 22 feet abore the buy. For- 
merly, before the deepening of its outlet, it stood at 24 feet, and 50 
years since its ponds often afforded good skating in winter. To what 
height the springs would carry the water, if the outlet were dammed 
up to a higher level, is not known. 

In this position of the Beaver Pond Meadows with reference to the 
plain, and in that of the adjoining Beaver Hills, we appear to have a 
partial explanation of the facts observed. The Beaver Ponds lie at 
the eastern foot of the Beaver Hills, and just soutlioast of the Pine 
Rock ridge. Now the dip of the sandstone in the New Haven region 
is almost uniformly either to the eastward or southeastward ; it is 
southeastward, as observation shows, in the western part of Pine 
Rock; and probably south of east in the layers (now nowhere expo- 
sed to view) that underlie the Beaver Hills. Tliere can hardly be a 
doubt that the Beaver Ponds owe their waters chiefly to the dip or 
inclination of the strata in these hills, this being just such as would 
throw the main part of the water that falls u])on them in that direc- 
tion. Further, the Beaver Hills extend southward and cross Whalley 
Avenue in the vicinity of North and Norton streets, and probably 
extend under ground much farther south. They conse<iuently make 
a western boundary to the northern part of what we have called the 
High street area. Hudson street and the jail are e(tst of the line of 
the Hills, and therefore, within the high-water area ; while Hamilton 
Park is to the west and far outsi<le of it. It would seem natural tliere- 
fore that this area, having the water works of the Beaver Hills and Ponds 
on the north to aid the rains that fall over the sui-face in the wet sea- 
son, should be supplied with water freely, and at a considerable height 
above the level of the soa ; and at the same time that the region to- 
ward West River, to tlie west of the Hills, or of its line, failing of 
benefit from the dip of the rocks, or from the Beaver Ponds, (or deri- 
ving less benefit, if any) should require deeper excavation to reach 
water. 

But the condition here explained can hardly be the sole cause of 
the difference between these regions ; for the existence of so free a 
supply of water over the former would seem to require a j)artially 
hardened gravelly, or else a clayey, layer, (" hard-pan,") beneath to 
prevent waste; and the position of this layer would naturally affect 
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tlie level of the water. But on this point we have no factst, since the 
wt'lls over the plain liave never been sunk so deep as to reach sucii a 
layer, nor even helow a dej)tli of forty feet. If the Beaver Pond de- 
pression was once, as su]n>o8cd, a central basin of the harbor, it is 
likelv that tiiere is such a lavor beneath. 

Some facts respecting Artesian Weils are mentioned beyond. 

2. Haki>-pax of thk harik»r. — The following observations on the 
Jiard-pa}t beneath the harbor consist mostly of information obtained 
tlirough tlie driving of ])iles, and the sinking of Artesian Wells. For 
thi' facts derived from pilenlriving I am indebti'd mainly to Mr. C. R. 
Waterhouse, wliose occupation lias given him numberless opportuni- 
ties for observation. 

a. At the head of the bay, near the foot of Greene street, in preparing 
the foundations for the Gas Works, a hard-pa fi layer was found at a 
depth of ;n feet below the level of the sea; the overlying matenal 
being harbor mud. The layer was 3 feet thick. On driving through 
it. by way of exj>eriment, the j>ile8 went dow^l through 40 feet of mud 
or loose sand, without finding another hard layer. 

i*. In the construction of the Chapel street bridge across the mouth of 
Mill River to Gnii)e Vine Point, a little south of the Gas Works, the 
]>iles, starting from mean-tide level, penetrated 83 feet of mud and 
struck the hard-pan. The layer was so hard that the piles made but 
an inch or two at a stroke, and with 54 strokes did not go through it 

i*. At the steamboat dock, 120 rods farther south, the piles passed 
through 25 or 20 feet of mud betbre reaching the hard-pan. 

At the end of Long Wharf, two-third> of a mile outside of the old 
coast line, anil near the dee|>-wator channel of the bay, the hard-pan 
was reached at a depth of 4') feet below mean-tide level; 13 of the 45 
feel being water, and 32 mud. 

(7. In the construction of the new Long Wharf for the Canal railroad, 
situated only twenty rods east of the old Long Wharf*, and extend- 
ing to the same deep-water channel of the bay, the piles, at the ex- 
tremity, and for the greater jjart of its length, as I learn from Mr. 
Yeainans, the Vice-President, were driven down 43 to 46 feet below 
mean-tide level, the longest being those between its middle and the land. 
In driving other piles over the old Canal basin (which adjoins the whatf 
on the noith) it was found that a region of very deep mud extended east- 
ward not far outside of the present line of yards and buildings, which 
was evi<lentlv the fonner submarine bed of the oM Ji!ast Creek chan- 
nel (whose waters it will be remembcR^d, had their discharge into this 
Canal basin at its head, just east of the old Long Wharf, and close 
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by the commencement of the new wharf). In the eastern comer of 
this basin, after crossing this mud-i'hannel, a liard impenetrable bot- 
tom was found at 1 8 to 20 fathoms. 

€. In driving piles for the bridge of the New York Railroad, across 
West River, toward its mouth, the hard-pan was found at a depth of 
35 to 40 feet ; and for the Derby Railroad crossing, a little farther 
north, at 25 to 80 feet; in one case 40 feet. In these, and other cases, 
the layer was not so thick but that the piles could be driven through 
it, and when thus passed, they, descended many yards before finding 
good bottom again. 

f. The piles for the Air-line railroad, over the Quinnipiac meadows, 
found a hard bottom at a maximum depth of 40 feet. 

g. Last year piles were driven in the Went Creek region, near the 
southeast comer of Congress Avenue and Oak street, which descended 
20 feet before striking a hard bottom. 

h. An artesian well sunk by the Messrs. Trowbridge on Long Wharf, 
about 350 yards outside of the old coast line, found a supply of fri'sh 
water, but slightly brackish, in a layer of gravelly hard-pan at a de])th 
of 20 feet, or 14 feet below mean-tide level. 

a. Another artesian well, on the same whai*f, but 400 yards farther 
from the old coast line, made by Mr. Aaron Kilbum, under the direc- 
tion of Capt. S. J. Clark, found water at a depth of 50 feet. The 
boring (6 inches in diameter) passed through 28 feet of mud; and 
then about jbhe same thickness of earth resembling the ordinary sand 
beds of the plain, without any large stones ; and the water at first 
rose to a height of 6 feet above the top of the whart Allowing for 
the height of the wharf, and the penetration of the hard-pan to a 
depth of 3 feet, the layer here lies 45 to 48 feet below mean-tide level. 
The depth consequently was very nearly the same with that ascer- 
tained by pile-driving at the end of the wharf. 

/ At the Staples Block Factory, on Long Wharf, just north of the 
Messrs. Trowbridge, an artesian well was sunk by Mr. Kilburn to a 
depth of 45 feet below the surface of the wharf, or 39 feet below 
mean-tide leVel, and perfectly good fresh water obtained. The boring 
passed through 32 feet to the bottom of the mud, then through sand 
and gravel like that of the New Haven plain, in the course of which 
there were 2 feet of hard blue clay, a very hard hard-pan, as Mr. Kil- 
bum describes it. 

k. In another artesian boring, made by Mr. Kilbum, at the depot of 
the New York and New Haven railroad, east of the commencement of 
Long Wharf, good water, entirely free from brackishness, was obtained 
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at :i depth of 68 foet, or about (JO feet below mean-tide level Tlie 
boring passed through ^^ feet of harbor mud ^ vm^^ below this, through 
sea-short or wortt sand, which was coarser below. The great depth to 
water at a point so far inside of the Trowbridge and Staples wells, and 
also the thickness of the dej)Osit of mud, are accounted for by the 
fact that the place was just within the mouth of the Hkist Creek 
estuarv. 

[It may be added here, although not exactly relevant, that an arte- 
sian boring by Mr. Kilbuni in Howard street, opposite McLagon & 
Stevens's factory, descended through 60 feet of quicksand, and struck 
the solid sandstone rock at a depth of 68 feet. The sandstone was 
that of the underground slopes of Sachem's ridge.] 

/. In Greene street, at the India Rubber Works, about 50 rods above 
the Cras Works, an artesian well was sunk, under the direction of ^Ir. 
H. Ilotchkiss, to a depth of 250 feet. But the existence of a hard 
layer was not noted, and is uncertain. The material passed through 
was mainly like that of the plain for 1 40 feet ; then followed a bed of 
"splendid" clay, 14 feet thick; and below this the same essentially 
as above. At the bottom the tubing was badly bent by striking 
against something supposed to be rock, and the boring was conse- 
quently suspended. It is not known whether the rock was solid sand- 
stone or a loose mass. 

1. The facts show that a hard layer, called hard-pan, may bo reach- 
ed beneath the harbor, and the estuary part of the Quinnipiac and 
West Rivers, at dejuhs mostly between 30 and 45 feet; that its 
depth along the north side of the deej)-water channel of the bay is 40 
to 45 feet; that this continues to be its depth through nearly two- 
thirds of the line of the Canal railroad wharf (which is much farther 
shoreward than along that of Long Wharf, owing to the fact that 
Long Wharf was built out as the extension of a sandy point between 
East and W^est Creeks, while the new wharf is situated off the mouth 
of East Creek) ; that toward the shore the depth of the hard-pan gen- 
erally decreases. 

2. That the hard-pan is one of the layers of the stratified drift, 
that is, of that portion of the drift which was deposited over the bot- 
tom of the bay and rivers. 

3. That the layer varies in thickness ; that it may generally be pen- 
etrated by a continued driving of a pile ; and when passed, the pile 
goes easily through a great depth of material before another hard 
layer is found ; and that this soft material beneath the first hard-pan 
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layer, although sometimes described as mud, is probably wet niicom- 
pactod sand or graveL 

4. That the hard-pan may he in most cases the same particular 
layer of the drift formation ; but that we do not know facts enough 
to authorize the assertion that this is tnie; or enough to establish 
satisfactorily its probability. 

5. That the hard-pan in some cases is probably a gravelly layer 
firmly compacted. The region north of the head of the harbor, in 
the direction of the Canal railroad and the Mill Kiver valley, is un- 
derlaid, as has been shown (p. 71) by a very coarse gravel, as the re- 
sidt of the central tidal flow of the bay in connection with the cur- 
rents of the streams ; audit is probable that this gravel-course ex- 
tends out beneath the harbor ; and this may be the hard-]>an layer 
that is reached by the piles. It would naturally have an inclination 
seaward, following the slope of the bottom of the bay. Along the 
valley of West River and that of the Quinnipiac, there were doubt- 
less similar gravelly layers formed below, through like means, which 
may be the hard-pan encountered in the beds of these streams, '^'et 
this is only a suggestion, to be tested by future examination. None 
of the hard-pan has ever been brought up to the surface, and nothing 
positive is known as to its nature or the cause of its hardness. It may 
owe its hard-pan quality to a partial cementing of the material by 
means of oxyd of iron, an ingredient always present in the sand and 
gravel and the source of the prevailing color, and often causing the 
waters that flow through them to become strongly chalybeate ; be- 
sides being a common cement among rock strata. But the coarse grav- 
el beneath State street and the Mill River region is in almost all parts 
very hard digging, owing to its firmness, and for thick beds perhaps 
nothing more in the way of firmness would be required than what 
here exists. 

6. That the hard-pan layer is usually sufficiently water-tight, or 
close in texture, to carry fresh-water along it from the land, following 
its seaward slope, and thence to become a source of fresh- water for 
artesian wells in the harbor. The flow of fresh water in a layer be- 
neath the bay is evidence that this layer probably continues inland, 
and is a seaward part of a sloping water-bearing layer beneath the 
plain. The fact that the wells of the central and lower part of the 
New Haven plain generally descend into a gravelly layer is favorable 
to the view that the hard-pan is gravelly. Yet a layer of clayey sand 
is equally retentive of water, and will as well hold up the fresh-waters 
flowing seaward from the land ; and when the wells of the plain as 
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well as those of the harbor arc farther investigated, it may be found 
that there is an impervious layer of this character beneath the water- 
bearing one. 

Wo may add here one conclusion respecting East Creek. The facts 
teach that this estuary has a deep under-bay channel ; and such a 
channel as could have been excavated only by fresh waters when the 
land was at a higher level than now. This era of higher level was 
probably that of the old glacier. Tlie 36 feet that were occupied 
with mud in the artesian boring at the railroad depot (p. 109, § k) are 
only a part of the whole de])th of the excavation ; for the sands and 
gravel of the drift must lie beneath. Tlie depth to which the mud ex- 
tends here and over the harbor is probably an indication of the depth 
of water in the channel and bay, in the later Champlain or earlier 
part of the Terrace or Recent era ; and when the mud deposit has 
been sounded throughout we shall have some idea of the topography 
characterizing the bottom of the New Haven bay at that time. 



III. — Notes ox American Crustacea. By Sidney I. Smitii. 

No. I. OCYPODOIDEA. 



Read, December 1 5th, 18C9. 



This article, which is intended as one of a series, is chiefly made up 
of notes and descriptions resulting from the study of the higher Amer- 
ican Crustacea in the Museum of Yale College and the collection of 
the Peabody Academy of Science. Mention is made only of those 
species of which I have examined specimens and in regard to which 
there are some new or unpublished facts to offer, except where men- 
tion of such species seemed needful for the proper understanding of 
new or imperfectly described forms. In the genus Gdasimus^ I have 
departed somewhat from this course and have given the principal 
facts known to me, whether published or not, in regard to all the 
American species. I have not attempted to arrange the groups ac- 
cording to any zoological system, but have merely taken up the fami- 
lies as convenience suggested. 

All specimens referred to, unless otherwise stated, are in the collec- 
tions of the Museum of Yale College. 

Family, Ocypodid^. 

GelasimUS LatreJUe. 

The species of this genus, like most terrestrial crabs, seem to have 
been neglected by collectors. This fact, together with the difficulty 
of distinguishing the species from females or young specimens, and 
the impossibility of determining, from the descriptions and figures 
alone, what species many of the older authors had in view, has led to 
much confusion in the synonymy. Even some of the modern authors 
have published very imperfect descriptions of numerous closely allied 
species, neglecting to mention the form and ornamentation of the car- 
apax or ambulatory legs, which give some of the best characters for 
distinguishing the species. 

The genus, as at present constituted, is chiefly characterized by the 
enormously unequal development of the chelipeds in the male. This 
unsymmetrical development is not however confined to the chelipeds, 
but extends to almost every part of the animal. The carapax, in every 
species which I have examined, is more or less one-sided, the antero- 
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lateral angle being more developed on the side of the larger eheliped 
The ocular peduncle also is usually longer on this side, and in some 
species is terminated by a slender stylet. Tins ocular stylet is quite 
remarkable, and appears to be a constant and important chamcter of 
several species. Desmarest mentions it in a species which he de- 
scribes under the much misapplied name of vocatis^ but his descrip- 
tion would imply that it was found upon both sides. Edwards, in his 
description of G. 8tylifert(8^ mentions it, and it is represented in his 
figures, but his words also imply that it was not coniiued to one side. 
In Edwards' Ilistoire naturelle dcs Crustac^s, tome ii, p. 50, however, 
there is the following foot not« : — " Au moment de mcttre cette feuille 
sous presse ; je re9ois de M. T. Bell la communication d^m fait que je 
ne puis passer sous silence. Quelques C4elasimes pr^sentent, fk un cer- 
tain dge, sinon toujours, un stylet k rextr6mite du pedoncule oculaire 
du c6te de la grosse pince, tandis que Toeil du c6t6 oppos^ conserve 
toujours la forme ordinaire." This observation of Bell agrees with 
my own on quite a number of specimens of two species described be 
yond, and it is quite probable that this is always the case. 

The described species of Gelasimua^ as limited by Edwards and 
other authors, form two very natural and distinct groups, which 
should perhaps be recognized as genera, but upon which, for the pur- 
poses of the present paper, it is not necessary to impose new names. 

In the first group the front is contracted between the ocular pedun- 
cles so that their bases approach very closely, and the peduncles them- 
selves are very long and slender. Ill is includes Edwards' section A, 
in w^hich the front is spatulate, and probably also, all of his section B, 
in which the front is very narrow between the eyes but not spatulate. 
In some of the species the meral segments of the ambulatory legs are 
armed with sharp spines, and with these species I have united the ge- 
nus Acanthopla<r. 

In the second group, which corresponds with the section C of Eel- 
wards, the front is broad and evenly arcuate, and the bases of the 
ocular peduncles are thus separated by quite a broad space. The 
peduncles themselves are much shorter than in the species of the other 
section. The s])ecies are mostly small and exhibit a remarkable uni- 
formity in general appearance, so that it is difficult to distinguish 
them without careful study. 

A single species, described beyond, differs from both these groups, 
in having the male abdomen only five-jointed and not narrowed at 
the second segment. The carapax is tninsverse and very little con- 
tracted behind.* This species is evidently the type of a third very 
distinct group. 
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The number of American species now known is quite large. Ed- 
wards, in his review of the Ocypodoidea in the Annales des Sciences 
naturclle for 1852, enumerates, including his Acanthopliix lfisiff?iis, 
eight species as appertaining to America. In 1855 Major LeConte 
described another species {G. minax)^ and in 1859-60 Dr. Stimpson 
added three others. In the following pages nine more are described, 
making in all twenty-one species known in the American faunae. Of 
the species which I have personally examined none are common to the 
east and the west coast. Edwards, however, mentions one species 
( G. 8tenodactylu8) as occurring in Chili and Brazil, but even in this 
instance there may have been some mistake. The following list will 
illustrate the distribution of the species on the two coasts. The local- 
ities from which I have examined specimens are followed by an !. 



ATLANTIC COAST. 



PACIFIC COAST. 



SEonoir A. 



G. platydiictyliu Edwards. 

Guinna. 

G. maracoani Latreille. 
Guiana, Brazil 



G. /leterophthalmus^ nov. 

Central America! 

G, styliferue Edwards. 

Kcuador. 

G, heteropleurus^ nov. 

Central America I 

G, princeps^ nov. 

Central America ! 

G, armatus^ nov. 
Central America I 

G. omatuSy nov. 

Centnil America ! 

G, inaignis (Edwards, sp.) 
Chill 



Section B. 



G.palustris Edwards. 

AntiUefl. 

G. minax LeConte. 

Long^ Island Sound to Florida I 

O, pugnax^ nov. 

Long Island Sound to the W. Indies I 

G. rapax^ nov. 

Aspinwall 1 

G. mordax^ nov. 
BrazUI 

G. pugUator Latreille. 

Massachusetts to Florida I 

G. ntlhcylindricua Stimpson. 

Gi 



Matamoras on the Rio Grande I 



G. brevifrons Stimpson. 
Cape St Lucas ! 

G. m^acrodactylus Edw. et Lucas. 
Chili. 



G. stenodactylvs Edw. et Lucas. 

Chili. 

G, Panamensis Stimpson. 

Panama! 



Sbctigh C. 

I G. gibbosuSy nov. 
I Central America I 
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A. — Species in which all the sejments of the abdomen are separated by distinct articula- 
tion-^, and in irhich the front ut very much contracted between the bases of the ocular 
peduncles and samewfiat spatulate inform. 

G-elasimus heterophthalmus, Bp. nov. 

Plate II, figure 6, 6». Plate III, figure l-l^ 

Male. The c.impax is somewhat quadrilateral in outline, but the 
antero-lateral angle on the side of the larger cheliped is much produced 
laterally, so that the orbit is much longer on that side than on the 
other and the lateral border strongly divergent. The dorsal surface 
is smooth and shining, and convex longitudinally but not at all late- 
rally. The branchial regions are very slightly swollen, scarcely high- 
er than the gastric and cardiac regions, and are separated from them 
by slightly marked sulci. The front is spatulate, contracted between 
the bases of the ocular peduncles and much expanded below. Tlie 
superior border of the orbit is much excavated at the base of the ocu- 
lar j)eduncle, and strongly arcuate in the middle, and has a very slight- 
ly upturned and entire margin. The antero-lateral angle on the side 
of the smaller cheliped, is angular but does not project either anteri- 
orly or laterally, while on the side of the larger cheliped it is broad, 
obtuse and projects very much laterally, as described above. The 
lateral margin is obtuse and its posterior part only is indicated by a 
faint granulous line. Tlie upper part of the inferior branchial region 
is oblique, flat and very smooth, and is separated from the lower por- 
tion by a slightly raised line running straight from the antero-lateral 
angle to the base of the third pair of ambulatory legs. The inferior 
border of the orbit is denticulate with minute, flattened and truncate 
teeth. The jugal regions are smooth and shining. 

The ocular peduncles are rather slender, slightly enlarged at the 
cornea, and the one on the side of the larger cheliped is consider- 
ably the longer and is terminated beyond the cornea by a very slen- 
der filiform stylet, much longer than the peduncle itself, and slightly 
flattened and expanded at the tip. There is no trace of a terminal 
stylet on the peduncle of the other side. 

In the larger cheliped, the anterior surface of the merus is smooth, 
narrowly triangular in outline and considerably convex, the inferior 
margin is sharp and denticulate, and the superior margin is armed 
with a slight crest which is very low and entire for most of its length 
but quite high, and in some specimens slightly dentate, at its distal 
extremity. The carpus is short and its upper surface is slightly ver- 
rucose. Tlie basal portion of the propodus is rounded and coarsely 
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and densely verrucose externally, the Huperior and inferior margins 
are thin and dentate, and tlie inner surface is nearly smooth, excepting 
three, high, tubereulose crests, of which one inins obliquely upward 
from the inferior margin, one from the base of the dactylus along the 
margin of the depression into which the carpus folds, meeting the 
first in nearly a right angle, and another along the margin next the 
base of the dactylus, leaving a rectangular, depressed area between it 
and the lower crest. Botli the fingers are smooth on the inside, quite 
long, compressed and high, and the prehensile edges are evenly tuber- 
eulated and each armed with a single, stout, median tooth. The oute r 
surface of the propodal finger is somewhat rougliene«l with irregular, 
shallow punctures, the inferior edge is granulated and has a submar- 
^nal,granulous line on the outer side, and the prehensile edge is armed 
with a stout tooth considerably within the tooth on the dactylus ; 
the edge beyond this tooth is straight and closes evenly against the 
dactylus, but between the tooth and the base it is deeply excavated, 
leaving a short and broad opening between the b:ises of the fingers. 
The dactylus is smooth on the outside, except a small space at the 
base, its superior edge is entire and smooth, and the prehensile edge 
is nearly straight, tuberculated and armed with a stout tooth a little 
beyond the middle. 

In the smaller cheliped the merus is slender an<l somewhat trique- 
tral, and the superior and exterior angles are sharp. The carpus is 
short, ovoid in form, and smooth and rounded externally. The hand 
is slender, and the fingers long, flattened at the tips, and the angles 
clothed with hairs. 

The ambulatory legs are smooth and unarmed. 

The abdomen is contracted at the articulation of the first with the 
second segment, and the edges are straight from the second segment 
to the terminal, which is broad and obtusely rounded at the extremity. 

Four specimens gave the following measurements : — 

Length of carapax, 

Breadth of '* 

Ratio of length to breadth, . . . . l 

Length of larger hand, 

Length of ocular peduncle on side of ainallcr cheliped, 1 40 
Length of ocular peduncle on side of larger cheliped, 

excluding stylet, 

Length of terminal stylet of ocular peduncle, 

In numbers 3 and 4 the ocular stylets are broken and partly wanting. 
Quite a number of specimens are in the collection of the Peabody 
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Academy of Science, all obtained at the Gulf of Fonseca, west coast 
of Central America, by J. A. McNieL 

This species is apparently closely allied to the G. atj/li/erus, but 
the ocular stylets in that species are very short, and the hand, as 
figured by Edwards, is shorter and higher in proportion than in our 
species. The description of G. styliferua is, however, too short to 
permit of a detailed comparison of the species. 

Ghelasimus styliferus Edwards. 

Odaaimw pUitydactylw Edwards, Regne animal de Cuvier, 3n>« edit., Crust., pL 18, 
fig. 1 *, non Histoire naturelle des Crust, tome ii, p. 51, 183T, (feste Edwards). 

GdnsimuB styiferua Edwards, Annalos des Sciences naturelle, 3m«s6rie, Zoologief 
tome zviii, 1852, p. 145, pi. 3, fig. 3. 

Tlie following is the description given by PMwards : — '• Esp^ce tr^ 
voisine du G. 2>l^^tydactyhts^ mais ay ant le cr^te marginale du bras 
moins d^velopp^e et les podophthnlmites terminus par un petit stylet 
comme chez les Ocypodes. — Guayaquil." 

Q-elasimus heteropleurus, sp. nov. 

Plate II, figure 7. Plate III, figure 2-2^ 

Male. The carapax is quadrilateral in outline, but the antero-lateral 
angle on one side is produced as in G, heterophthcUmus. The dorsal 
surface is slightly granulous, quite flat anteriorly and only slightly 
convex po.**teriorly. The branchial regions are not at all swollen but 
are separated from the gastric and cardiac regions by deep sulci. The 
front is spatulate and expan<led below the bases of the ocular pedun- 
cles. The superior border of the orbit is arcuate in the middle and 
has an upturned and sliglitly crenulated margin. The antero-lateral 
angle, on the side of the smaller cheliped, is acute and projects slightly 
forward, while on the side of the larger cheliped, it projects laterally 
as a very prominent obtuse tooth. The lateral margins are angular 
and armed with a very marked line of sharp granules. The upper 
part of the inferior branchial region is smooth and nearly perpen- 
dicular. The inferior border of the orbit is thin and denticulate with 
minute, flattened and truncate teeth. The jug.'U regions are granulous. 

The ocular jiedunelos arc slender, much enlarged at the cornea and 
the one on the side of the larger cheliped is much longer than the 
other and is terminated by a slender flattened stylet about as long as 
the cornea. 

In the larger cheliped, the anterior surface of the merus is narrow, 
somewhat convex, and smooth, its margins are minutely denticulate, 
and the superior one is armed with a narrow crest-like process at the 
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distal extremity. Tlie superior surface of the carpus is flattened and 
granalous. The outer surface of the basal portion of the propodus 
is thickly verrueose, the verruca* near the upper margin being coarse 
and tuberculiform, the inner surface is armed only with the oblique 
tubercular crest running from the inferior margin. Both fingers are 
smooth on the inside, compressed and short, being but little longer 
than the basal portion of the propodus ; their prehensile edges are 
evenly tubercular, each armed with a tooth a little way from the tip, 
and nearly straight, but widely separated at base, leaving a broad, 
open space within the teeth, but beyond the teeth, the edges meet 
and the tip? hook by each other. The outer surface of the propodal 
finger is granulous or minutely verrueose and the inferior edge is 
minutely tuberculated and has a subniarginal crest on the outer side. 
The outer surface of the dectylus is granulous like the other finger 
and the superior edge is somewliat tuberculated or denticulate. 

The smaller cheliped and the ambulatory legs are very much as in 
G. /leterophthalmus. 

The abdomen is quite similar to that of G, heterojyhthalnius^ but is 
more narrowed toward the tip and the edges are slightly concave. 

Length of carapax, - - - - - 

Breadth of " . . . . . 

Ratio of length to breadth, . . . . i 

Length of larger hand, ..... 
Length of ocular peduncle on side of smaller cheliped, 
Length of ocular peduncle on Hide of larger cheliped, excluding 

stylet, ..-.--. 
Length of terminal stylet of ocular peduncle, 

I have seen but two specimens, both obtained, with the other spe- 
cies mentioned, by 3Ir. McNiel, at the Gulf of Fonseca (Collection 
Peabody Academy of Science). 

In the length of the ocular stylet this species agrees with the G. 
styliferuHy but the merus and hand in the larger chelij)ed are very 
diflTerent, and at once distinguish it from that species. 

The Gelasimus vocans of Desmarest (Considerations gen6rales sur 
la Class des Crustac^s, p. 12.3) seems to be distinct from any of the 
species descibed by recent authors and apparently belongs in this 
section, as it is distinctly stated that the ocular peduncles are ter- 
minated by stylets. Edwards refers it to his G. paiustris, to which it 
evidently caimot belong, but, as the character of the front is not 
stated, it may possibly belong in section B, forming in that case a sub- 
section with ocular stylets. 



IS-gmm 


15-2mm 


250 


26-6 


1-58 I : 


1-68 


320 


360 


101 


— 


120 


123 


2-5 


2-8 



120 aS. L Smith on American Crustacea, 

Desmarest's description is as follows : — " Carapace unie, avec le bord 
aiit^rieur siiiiieux ; serre droite ordiuairement plus grande que la gauche ; 
toutcs les deux 6tant iinenient chagrinees en dchore, avec une ligne en- 
foncee courtc, pr^s de leur extr6mit6, et ayant leurs doigts longs, 
etroits, tr6s-^cartes entre eux, unis, comprini^s ; pddoncules oculaires 
pourvus a leur extremite d'une pointe aigui3. Des Antilles." 

G^elasimus princ . ps, sp. nov. 

Plate II, figure 10. Plate III, figure 3-3^ 

Male. The carajjax is in the form of a trapezoitl much contracted 
behind, and tlie dorsal surface is smooth and shining. The branchial 
regions are somewhat giblK)us, are higher than the gastric and cardiac 
regions and are separated from them by deep sulci. The front is 
spatulatc and much contracted between the bases of the ocular 
peduncles. Tlie 8uj)erior margin of the orbit is strongly curved, the 
posterior margin is slightly raised and minutely denticulated, and tlie 
outer angle projects laterally as a very prominent triangular tooth, 
wliich is considerably larger on the side of the greater cheliped than 
on the otiier side, so that tlie carapax is somewhat unsynunetrical. 
The lateral margins are marked by sharply granular lines which 
curve sliglitly inward and rapidly converge posteriorly. The upfier 
portion of the inferior branchial region is quite oblique, flat and 
smooth, and is separated from the lower portion by a slight, granu- 
lated line. The inferior margin of the orbit is armed with about 
twenty-five small, compressed and truncate teeth. 

The ocular peduncles are unequal in length, the one on the side of 
the larger cheliped being the h)nger, very slender but considerably 
enlarged at the tlie cornea and shorter than the broad, open orbits. 

The larger cheliped is enormously developed, the hand being nearly 
three times as long as the carapax. Tlie anterior suiiace of the merus 
is flat and smooth, and its superior margin projects into a thin, high, 
evenly arched and sharply dentate crest, and the inferior angle is 
armed with a line of small and closely set spines. The upper surface 
of the carpus is rounded and verrucose and the inner margin is angu- 
lar and denticulate. The basal portion of the propodus is rounded 
and coarsely verrucose externally, the superior margin projects as a 
thin crest beneath which the carpus closes, the inferior margin is 
dentate, and the inner suWace is smooth, excepting two tubereulose 
crests, of which one runs obliquely uj)ward, from the base of the 
dactylus, along the margin of the depression into which the carpus 
folds and meets the first crest in a right angle. The fingers are much 
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compressed and veiy long, the inner surfaces are smooth, and the pre- 
hensile edges are very tuberculose and each is armed with a stout 
tooth near the middle, tlie tooth on the dactylus being a little nearer 
the base than the other; within these teeth the prehensile edges gape 
widely leaving an ovate space, while beyond the teetli, the edges meet 
and are nearly straight almost to the tips, whicli, however, are strongly 
cur\'ed. The outer surface of the digital portion of the propodus is 
nearly smooth but has a submarginal, crenulated crest below, and the 
inferior margin is denticulate. The outer surface of the dactylus is 
somewhat verrucose and thQ superior edge is denticulate and slightly 
margineil toward the base. 

In the smaller cheliped, the merus is slender and somewhat trique- 
tral and the superior and exterior angles are sharp and granulated. 
The hand is veiy similar to that of G, heterophthahnns. 

The ambulatory legs are stout and nearly nuked and the nieral seg- 
ments are somewhat compressed and their edges sharp and minutely 
denticulate. 

The abdomen is broad, the basal segment is considerably sliorter 
than the second and third, the edges a])proach each other somewhat 
at the junction of iifth and sixth, and the terminal segment is nearly 
twice as broad as long and its extremity is rounded. 

Five specimens give the following measurements : — 



Length of canpax. 


Breadth of carapaz. 


BaUo. 


LoDgth of larfTcr hand. 
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I have examined a large number of specimens of this species col- 
lecte<l at Corinto, on the west coast of Nicaragua, by J. A. McNiel, 
(Collection Peabody Academy of Science). 

There are three female specimens of Gelasimus collected at the 
same locality by Mr. McNiel, which probably belong to this species 
although they differ quite remarkably from it. The carapax (Plate II, 
figure 8) is not so much narrowed behind as in the males, the dorsal 
Bnrface is evenly convex and thickly covered with rounded granules, 
which are quite coarse along the lateral borders, and the branchial 
regions are not raised above the gastric and cordiac regions, and are 
separated from them only by slight sulci. The sides of the carapax 
are perfectly symmetrical, the anterior angles arc prominent and sharp, 
and the lateral margins are marked by sharp crests of bead-like 
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granules. The jugal regions are granulons. The chelipeds resemble 
very much the smaller chelii)ed of tl)e males but are rather smaller 
in proportion. ITie abdomen is broadly elliptical and there is a line 
of granules on the basal segment. 

Two of these specimens give the following measurements : 



Lenffth of carapaz. 


Breadth of carapaz. 


Ratio. 


21 -era™ 


33-8 


1 : 1-65 


15-2 


23-4 


1:1-54 



Under the name of G. plati/dactylus^ Saussnre* mentions a species 
from ^lazatlau, Gulf of California, whicli I sliould refer to this species 
witliout hesitation, did he not state that the carpus was bituberculate, 
a character which does not apply to any species of Gelasimtis which 
I have seen. Saussure's notice is as follows: 

" Gehisimua plcUydactyluSy Latr. — Presque enti^rement semblable 
aux individus de Cayenne, si ce n'est que le carpe est bitubercule, et 
que la grande cr6te du bras est dentel6e, non enti^re." 

Gelasimus platydactylus Edwards. 

f Cancer vocans major Herbst, Naturgeschichte der Krabben und Krebse, Band i, 

p. 83, Band iii, crstes Hefl, p. 29, Tab. 1, tig. 11 (after Seba). 
f Ocypoda heterochdoa Bosc, Kistoire natiircllo des CrustacJs, tomo ii, p. 197, 1802. 
f CMaaimus maracoani Desrnarest, Considerations generates sur la Class des Cnistaces, 

p. 123, 1825, (n<m Latreille). 
(rcl'iaimus pUitydctylua Edwards, Histoire natiirelle des Crust, tome ii, p. 51, 1837; 

Annales des Sciences naturelle, 3°^^ serie, Zoologie, tome zviii, 1852, p. 144, pL 3, 

fig. -'. 

The synonymy of this species is in much confusion. Edwards 
quotes Ilerbst's and Scba's figures without query iis belonging to his 
G. platydactylus and refers the Ocypoda heterochelos of Bosc to the 
G, marOfCoani, Bosc's description however appears to have been 
drawn up from Herbst's or Seba's figure, and if these figures really 
belong to Edwards' species, the name heterochelos should be restored 
and the species sliould stand as Gelasimus /leteroc/ielos. The rough- 
ened or verrucose character of the carapax in Herbst's figure is a 
marked feature which is not mentioned in either of Edwards' descrip* 
tions, so that it is quite likely that Bosc's heterochelos may be distinct 
from Edwards' species. Edwards gives Cayenne as the habitat of 
G, platydactylus. 

As described and figured by Edwards, this species differs from 
G, prificeps in having the superior crest of the merus of the larger 

* Description de quelqiios Crustacjs nouveaux de la cote occidentale du Mexique. 
Revue et Magasin de Zoologie, 2® s^^rie, tome v, 1853, p. 362. 
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cheliped entire, the hand much shorter and the fingers gaping for tlie 
whole length, and wanting the stout tooth on the prehensile edge of 
the propodus. 

G^elasimus maracoani LatreUie. 

liaracoani^ Marcgfrave de Liebstadt, Ilistoire rerum naturalium Brasilur, fip^iire. 

Ocypoda marttcoani Latreille, Ilistoiro dcs Crust et InsectcB, tome vi, p. 40, 1803. 

Gonoplax maracoani Lamarck, Histoire naturollc dea aniniuux sans vertcbres, 2^ edit., 
tome V, p. 465. 

Gelasimua maracoani LatreUie, Nouvoau Dictionnaire d'Histoire naturc'llo, 2*^ edit , 
tome zii, p. 617, 1817; Encyclopodie mdthodiquc, pi. 296, fl^. 1; Kdwurds, Eiis- 
tolre uaturelle des Crust, tome ii, p. 51, 1837; Aimales des Sciences naturelles, 
3me gerie, Zoologie, tome xviii, 1852, p. 144, pL 3, fl;^. 1; Dana, United SUitea Ex- 
ploring Kzpedition, Crust, p. 318, 1852. 

Said to inhabit Cayenne and Brazil. 

Very likely two or more species are still confounded under the 
name of marctcoani. Neither Edwards nor Dana mention any spines 
on the meral segments of the ambulatory legs, while in Latreille's 
figure in the Encyclopedie m^thodique there are short spines repre- 
sented on the posterior legs. 

Ghelasimus armatus, sp. nov. 

Plate 1 1, figure 6. Plate III, figure 4-4 'i. 

Male. The carapax is only slightly convex and very little narrow- 
ed posteriorly, and the dorsal surface is naked and deeply areolated. 
The gastric and cardiac regions are smooth an<l shining, and tlie car- 
diac is large and very prominent. The branchial regions are promi- 
nent and their surfaces smooth but covered by very distinct, raised, 
vein-like markings which branch off in an arborescent manner from a 
conspicuous central trunk. The front is small, spatulate, contracted 
between the bases of the ocular peduncles and expanded below. The 
superior border of the orbit has a strongly raised margin, its e<lg(» is 
slightly sinuous and the antero-lateral angle prominent, the one on the 
side of the smaller hand being directed forward and the one on the 
side of the larger hand being more prominent than the other and di- 
rected strongly outward. The anterior part of the lateral margin is 
longitudinal, so that the breadth of the carapax is scarcely more be- 
tween the antero-lateral angles than a short distance posteriorly ; at 
the posterior extremity of this longitudinal portion, there are two 
small, but prominent, marginal tubercles, from which a granulated 
line extends to the bases of tlie posterior legs, where there is another 
small rounded tubercle. The posterior margin is straight, smooth and 
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unarmed. The inferior margin of the orbit is armed with fifteen to 
eighteen slender, compressed and truncated teeth. The jugal regions 
are swollen and smootli, but their surfaces are veined somewhat as the 
regions above. 

The ocular peduncles are unequal in length, the one on the side of 
the larger cheliped being the longer, are very slender, but considera- 
bly enlarged at the corina, and shorter than the broad and open orbits 
which they only partially fill. 

Thi! larger cheliped is enormously developed, the hand being high 
and lamellar, and exceeding, in length, twice the length of the carapax. 
The ischium is armed above and beh>w with a small, marginal tuber- 
cle. The merus is smooth and rounded posteriorly, the anterior 8U^ 
face is flat and smooth, the inferior angle is armed with scattered tu- 
bercles, and the superior angle rises into a low crest toward the distal 
portion, and is armed with slender tubercles. The carpus is smooth 
and rounded, but is armed with one or two small tubercles at the prox- 
imal extremity of the inner margin, and there are several low tul)er- 
cles on the outer surface. The basal portion of the propodus is short ; 
the inner surface is smooth and unarmed, except with a prominent tu- 
bercle near the middle, from wliich a line of obscure tubercles extends 
along the slight, oblique ridge to the inferior margin ; the outer sur- 
face is covered with very large, depressed, smooth tubercles which are 
separated by consideniblo spaces ; and the inferior margin is thin and 
armed with dentiform tubercles. The digital portion of the projiodus 
is thin and very broad toward the base; the inner surface is smooth 
and somewhat concave ; the outer surface is flat and very coarsely 
punctate; the inferior edge is denticulate and slightly margined on 
the outside ; and the prehensile edge is straight, except a slight exca- 
vation at the base, is armed with very small marginal tubercles and a 
higli, tubercular, median ridge, and at the extremity, with a slender 
tooth. The dactylus is broadest toward the extremity ; the inner sur- 
face is concave and smooth ; the outer surface is flat and nearly 
smooth ; the superior edge is arcuate, thin and slightly denticnlate ; 
the prehensile edge is straight, (closes closely against the propodal fin- 
ger, except the slightly excavated portion at the base, and is armed 
with three lines of tubercles, like the propodal finger, except that the 
inner, marginal line is separated from the median line by qaite a wide 
space toward the tip, and that one of the tubercles, about two-fifths 
of the way from the base to the tip, is much larger than the rest ; and 
the tip is armed with a tooth projecting perpendicularly downward. 

In the smaller cheliped, the merus is slender and its anterior edge is 
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armed with three spinules. The hand is slender, and the fingers are 
long, flattened at the tips, and the angles clothed with long hairs. 

The ambulatory legs are stout. The merus is smooth and unarmed 
in the first pair, but in the three last pairs, its posterior edge is 
armed with slender spines, — five in the second i)air, six or seven in 
the third, and three short ones on the fourth or last. 

The abdomen is quite similar to that of G. princeps. 

Length of carapax, 25*2™"; breadth of carapax, 35*5'"™; ratio of 
length to breadth, 1 : r4I. Total length of propodus in larger cheli- 
ped, 60-0"". Length of dactylus, 45-6"™'^; breadth of dactylus, 
11 -8"°*. 

The only specimen of this species which I have seen is in the col- 
lection of the Peabody Academy of Science, and was obtained at the 
Gulf of Fonseca, West Coast of Central America, by J. A. McNiel. 

The larger hand in this specimen resembles very much the figure of 
the hand of G, maracoani given by Edwards in tlie Annales des Sci- 
ences naturelles, 3'"*^ serie, tome xviii, 1H52, pi. 3, fig. 1'', but the car- 
apax and ambulatory legs seem to be very different from that species, 
as neither Edwards nor Dana mention, in their descriptions of G. mar' 
iicoani^ the peculiar sculpturing of the branchial regions, the tuber- 
cles of the lateral margins or the spines of the ambulatory legs which 
are so conspicuous characters in G, armatus. In these characters it 
approaches the genus Acanthoplax, as described by Edwards. 

Oelasimus omatus, sp. nov. 

Plate II, figure 9-9». Plate III, figure 5-5^ 

Female. The carapax is narrow an<l the greatest breadth is be- 
tween the antero-lateral angles, it is convex longitudinally, but only 
slightly laterally, and the dorsal surface is verrucose, some of the ver- 
racie, especially on the branchial regions, being large and depressed. 
The regions are not swollen or protuberant, but the cervical and bran- 
chio-cardiac suture is very distinctly indicated. The front is narrow 
and spatulate, but only slightly expanded below the bases of the ocu- 
lar peduncles. The superior border of the orbit is slightly and regu- 
larly arcuate, as seen from above, the margin is slightly raised and 
minutely denticulate, and the lateral angle projects forward and out- 
ward as a slender and prominent tooth. The antero-lateral margin is 
longitudinal for a short distance anteriorly, but the posterior portion 
curves inward to the base of the posterior leg, and is ornamented 
with eight to ten bead-like tubercles. The latero-inferior, branchial 
regions are nearly vertical, and are divided by a granulated crest 
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which starts a little way from the antero-Iatcral angle and extends 
obliquely backward to the bases of the penultimate legs. The poste- 
rior margin is ornamented with a line of low tubercles. The inferior 
margin of the orbit is armed with about fifteen compressed and trun- 
cate teeth. The jugal regions are rough and sparsely clothed with 
short hairs. 

The ocular peduncles are equal in length, slender, slightly enlarged 
at the cornea and very little shorter than the broad and very open 
orbits. 

The chelipeds are like the smaller cheliped of G, armatus^ except 
that the merus has but one spine and that the ischium has a slight 
tooth on the lower side next the articulation with the merus. 

Tlie ambulatory legs are quite similar to those of G. arfnatua^ but 
all of them have a tooth or spine on the lower side of the ischium, 
and the merus is armed in the first pair with one or two spines, in the 
second with three, in the third with five, and in the last with two or 
three. 

The abdomen is broadly elliptical, and the basal segment is orna- 
mented with a line of small tubercles. 

Length of carapax, 26*6""" ; breadth of carapax, 36"0""" ; ratio of 
length to breadth, 1 : 1-35. 

The single specimen above described is in the collection of the Pea- 
body Academy of Science, and was brought home, with the O. armor 
tus and several of the foregoing species, by J. A. McNiel, but unfor- 
tunately has no label to indicate the exact locality from which it came. 
It is however undoubtedly from some part of the west coast of Cen- 
tral America. 

This species is allied to the Acanthaplax insignis Edwards, but is 
at once distinguished from it by the verrucose dorsal surface of the 
carapax. It has also considerable affinity with G. armatus^ and it is 
possible that it may be the female of that species, but this seems very 
improbable, when the great differences in the ornamentation of the 
carapax and bi the armature of the chelipeds and ambulatory legs are 
considered. 

Ghelasimus insignia. 

AcanJOwpIaz insignia Edwards, Annalcs des Sciences naturelles, Sme 8^6, Zoologia, 
tome xviii, 1852, p. 151, pL 4, fig. 23; Archives du ICuseum d^Uiatdre natnreUe, 
Paris, tome vii, p. 162, pL 11, fig. 1, 1864. 

Edwards states that this species was known to him only from a sin- 
gle, fenuile specimen brought from Chili by M. Gay, but the figures 
which he has given in the Annales des Sciences and in the Arohives 
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dn Museum, differ so much that it would scarcely be supposed that 
they were intended to represent the same species, much less tlie same 
specimen. 

The only generic characters which are given by Edwards to distin- 
guish Acanthoplax from GdnsimtiSy the proportions of the earapax 
and the tuberculation of the branchial regions, appear to me to be of 
slight importance. In the proportions of the oarapax, the difference 
between Acanthoplax as figured in the Annales des Sciences and the 
ordinary narrow fronted Gdasimi is scarcely, if any, greater than the 
difference between the two figures of A, ifisignia, for the figure of the 
earapax in the Annales is 19'0""" in length and 27 '5""" in breadth, giv- 
ing the ratio of length to breadth, 1 : 1 '45, while the earapax in the 
figure in the Archives du Museum is »25'2""" in length and 32'0'""* in 
breadth, giving the ratio, 1 : 1*27, and this when both figures are 
stated to be of natural size. No measurements are given in the text 
in either place. The tuberculation of the branchial regions appears 
to be merely a character of ornamentation to which there is a consid- 
erable approach in the females of many of the large Oelaaimi^ and in 
the male G. armatus described in this article, there is a still closer 
approach to it. 

The armature of the ambulatory legs, however, may prove to be a 
character of some importance, and would unite in one group with A. 
ifiaignis^ G. ornatus and G. armatus^ and perhaps also G. maracoani. 

B. — Species in which dU the segments of the abdomen are separated by distinct articula- 
tions, hut in which the front is broad and evenly arcuate between the bases of the ocular 
peduncles. 

GhelasimUS palustris Edwards. 

(?; Oaneer vocator Herbst, op. cit, Band iii, viertes Heft, p. 1, Tab. 59, fig. 1, 1804. 

Oekuimus vocans Edwards, llistoire naturollo des Crust, tome ii, p. 54; et R^gne an- 
imal de Cuyier, 3me ^it, Crust, pL 18, fig. 1 {teste Edwards). 

Odasimus paiustris Edwards, Annales des Sciences naturelles, 3™o g^ne, Zoologie, 
tome xviii, 1852, p. 148, pi 4, fig. 13. 

{yim Cancer vocans Linn^ Sjstcma Naturae, editio xii, tome i, p. 1041). 

As figured in the Annales des Sciences naturelles, this species is 
qnit€ different from any species which I have examined, and is distin- 
guished by the form of the terminal segment of the male abdomen 
which LB as long as its breadth at base, with the sides straight and 
slightly divergent and the extremity broad and rounded, and by the 
anterior margin of the orbital border being symmetrical and not more 
rapidly cur^^ed above the base of the ocular peduncle than on the out- 
side, as it is in most of the allied species. It is described in the fol- 
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lowing brief terms : — " Crete 8oiiroili5re post6rieure pre&qne droite, 
I'anterieure tres coiirbe ; cretes marginales tr^s margu^es sur les lobeB 
ni6sobranchiaux. — Antilles." 

It is quite apparent that Edwards confounded at least two species 
under the name of paliistris. The figure of (r. vocanSy which he has 
given in the K^gne animal and which he refers to his paltutrLt^ evi- 
dently represents a different and distinct species, as the front is quite 
narrow, the basal portion of the propodus of the larger cheliped 
much longer in proportion and the terminal segment of the male ab- 
domen entirely different in form. It is very likely the same as the G, 
vocans of his Hist oi re naturelle des Crustacea, which is said to inhabit 
lirazil. 

Stimpson, in the Annales of the Lyceum of Natural History, New 
York, vol. vii, p. 62, refers the G, vocans of Dana and the G. minax 
of I.eConte to Uw palustris of Edwards, and he evidently had more 
than one species before him, as he mentions that the tubercles on the 
outer surface of the larger cheliped were minute or obsolete in speci- 
mens from the Mexican and Central American chores. 

Grelasimus macrodactylUS Edwards et Lucas. 

Voyage de d'Orbiji^y dans rAineriqiie nieridionale, Crust, p. 27, pi. 11, fig 3, 1848; 
Edwards, Annalos dcs Sciences naturellcs, 8™^ s^rie, ZooL, tomczviii, 1952, p. 149. 

" Cotes du Valparaiso " (Edwards and Lucas). 
Gelasimus minax LeConte. 

GeHaaimua minax John LeConto, On a new species of Gelasimus, Proceeding^ Acad- 

eray Nat. Sci., Philadelphin, vol. vii, 1 855, p. 403. 
Gelasimus paluMris {pars) Stimpson, Annals Lyceum Nat Hist., New York, vol. vii, 

p. 62, 1859. 

Plate II, figure 4. Plate IV, figure 1-1 ^ 

Male. The carapax is quite convex longitudinally and slightly 
transversely, and in large specimens the branchial regions are some- 
what gibbous above. Tlie dorsal surface appears smooth, but is very 
minutely granulous, and there are a few small tubercles on the ante- 
rior part of the gastric region near the lateral margin. The front is 
broad and regularly arcuate. The posterior, or upper, edge of the 
superior orbital border is transverse and nearly straight, and has a 
smooth upturned margin. The anterior, or lower, edge is marked by 
a sharply raised and minutely denticulated margin which curves rap- 
idly downward above the base of the ocular peduncle, then gradu- 
ally upward and joins the posterior margin a little way from the an- 
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tero-lateral angle, which is obtuse and not at all prominent. The lat- 
eral border is marked by a sharply upturned and finely denticulated 
margin, which is arcuate anteriorly so that the breadth of the carapax 
is considerably less between the antero-lateral angles than a little pos- 
teriorly, and the posterior portion is strongly incurved and terminates 
opposite the cardiac region. The postero-Iateral border is crossed by 
an oblique raised line or plication. The inferior orbital margin is 
finely toothed and the jugal region is rough and hairy. 

The larger cheliped is stout, and the length of the hand in large 
specimens is nearly or quite three times as great as the length of the 
carapax. The anterior surface of the merus is smooth, narrowly tri- 
angular in outline and its margins are nearly straight, the inferior 
armed with minute tubercles, and the superior with slender tubercles 
on the distal portion ; the upper surface is roughened with short, irreg- 
ular, transverse rows of small tubercles. The superior surface of the 
carpus is covered with depressed tul>ercles, the proximal portion of 
the inner edge is tubercular and the inner surface is crossed by an ob- 
lique ridge armed with tubercles. The basal portion of the propodus 
is mucli shorter than the digital portion, and its superior and exterior 
surface is covered with depressed tubercles, which are large and sepa- 
rat^'d by smooth spaces on the upper portion, but below are smaller 
and crowded, and, along the inferior border, almost obsolete ; the inner 
surface is armed, on the inferior border, with a ridge of large tubercles 
extending from the base of the propodal finger obliquely upward to 
the border of the deep depression into which the carpus folds, and 
there are also a few tubercles between this depression and the base of 
the dactylus, and a line of tubercles extending upward, from the inner 
edge of the propodal finger, parallel to the base of the dactylus; the 
superior edge is tuberculose and has a crenulated margin on the out- 
side and the inner margin is curved downward at the extremity of the 
depression into which the carpus folds; and finally, the inferior edge 
is smooth and rounded, but with a slight margin on the outside. The 
propodal finger is nearly straight ; the inferior edge is smoothly round- 
ed, the prehensile edge is broad an 1 ai-med with marginal lines of 
small tubercles, and a median one of irregular tubercles, of which one, 
about the middle of the finger, is very much larger than the rest; and 
the tip has an excavation into which the dactylus fits. The dactylus 
is much curved, especially toward the tip, which hooks considerably 
by the tip of the propodal finger, and the prehensile edge is much as 
in the other finger, but the tubercles of the median line are nearly 
obsolete, except two or three large ones near the base, and as many 
more between the middle and the tip. 

Trans. Coitnicticut Acad., Vol. II. 9 Mabch, 1870. 



130 S. I. Stnith 071 American Crustacea, 

The ambulatory legs are stout ami very hairy along the edges, and 
the raeral segments are quite broad, those of the posterior pair being 
nearly three times as long as broad. 

Tlie abdomen is slightly narrowed at the first segment and is broad- 
est at the second and thir<l. The distal margin of the penultimate 
segment is somewhat excavated for the reception of the terminal seg- 
ment, which is much narrower than the penultimate and broadest at 
the base, from which the margin is regularly arcuate, forming scarcely 
more than a semicircle. 

Both in alcoholic and dry specimens the points of the articulation 
of the merus with the carpus, the carpus with the propodus and the 
propodus with the dactylus, in the larger cheliped, are marked by rt^d 
spots, and there are similar, but smaller, sj)ots on the ambulatory legs, 
at the articulation of the meral with the carpal segments. 

Tlie females differ from the males in being narrower and more evenly 
convex above, and in having the branchial regions more swollen and 
thickly covered with rounded tubercles. 

A number of specimens give the following measurements: — 



Locality. 


Sex. 


Length of 
carapax. 


BrcadUi of 
carapax. 


Ratio. 


Length of 
hand. 


Breadth of 
hand. 


Now Haven, Ct. 


Mule. 


26'5»n™ 


38imm 


1: 1-44 


75-Onim 


23-omin 


K 1% 


it 


22-9 


340 


1:1-48 


6]-0 


20-8 


(( (t 


u 


22-9 


32-8 


1:143 






i( l( 


u 


22-2 


300 


1 : 1-35 


630 


180 


Blufnon, S. (J. 


(1 


190 


28-2 


1:1-48 


450 


15-8 


(( K 


(( 


17-6 


25-2 


1 : 1-43 


40-6 


14-8 


tl 1( 


(( 


17-2 


24-5 


1:1-43 


400 


14-2 


New Tlaven, Ct. 


Femiile. 


. 249 


n4-3 


1:1-37 







(1 11 


(1 


21-8 


OQ.O 


1 : 1-34 







This species is fimnd at New Haven, Conn., on salt-marshes. There 
are specimens in the collection of the Peabody Academy of Science 
from Bluffl;on, South Carolina, and also, from St. Augustine, Florida. 
LeConte's specimens were from New Jersey. 

This is a very large species and I have not seen young Bpocimen& 
It has perha])s been considered an adult form of G.pugnax; LeConte, 
however, recognized it as a distinct sj>ecies and pointed out the differ^ 
ences, having very naturally mistaken thi^puf/naxior G.p'iigilator, The 
tubercles on the anterior portion of the branchial region of the male 
arc probably only an adult character, but the very coarse tubercula- 
tion of the basal portion of the propodus and the red markings on 
the larger cheliped of the male, and the tubercular branchial regions 
of the female, arc quite enough to distinguish it from the allied 
species. 
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QelasimTis brevifrons Stimpson. 

Annals Lyceum Nat. Hist, New York, vol. vii, p. 229, 18C0. 

Of this species, which was found in a lagoon at Todos Santos, near 
Cape St. I-ucas, Lower California, I have seen only a single, female 
specimen, which was kindly loaned from the collection of the Chicago 
Academy by Dr. Stimpson. 

As far as can be judged from the female alone, it is very distinct 
from any other species with which I am acquainted and seems to be 
most closely allied to G, 7mnax, It differs from the female of G. mi- 
woor, in having the carapax broader in proportion and not nearly so 
mnch narrowed behind, and the dorsal surface less convex ; the cari- 
nas of the lateral margins are more prominent and, from the form of 
the carapax, are not so much curved ; the front is shorter and more 
perpendicular, and the anterior margin of the orl)ital border is more 
convex, leaving a broader space between it and the posterior mari^in ; 
and finally, the meral segments of the ambulatory legs are much nar- 
rower in proportion, and are marked with conspicuous, transverse pli- 
cations. 

Length of carapax, lY'S"™"*; breadth of carapax, 25-0"""; ratio of 
length to breadth, 1 : 1*43. 

Gelasinms pugnax, sp. nov. 

€rtki$imu8 vocatis {p^irs) Gould, Report on the Invertobratii of Massichusetts, p. 325, 
1841 ; G. vocans, var. a, DeKay, Natural ni8tt)ry of New York, Crust., p. 14, pi. 6, 
fig. 10, 1844 (non Cancer vocans Linne). 
Gdasimus pwfxkUor LeConte, loc. cit, p. 403 (non Bosc). 

if) Gtkiaimua palusiria {pars) Stimpson, Annals Lyceum Nat. Hist, New York, p. 62, 
1859 {non Edwards). 

Plate II, figure 1. Plate IV, figure 2-2"'. 

Male. The carapax is quite similar to that of G. minax but it is 
broader, the dorsal surface is smooth and there are no tubercles on 
the branchial regions, the front is narrower and projects farther down- 
ward, the antero-lateral angle is sharp and the anterior part of the 
lateral margin is not at all, or only very slightly, arcuate. 

In the larger cheliped, the anterior surface of the merus is usually 
somewhat granular or finely tuberculose, especially along the inferior 
border, its outline is triangular and much broader toward the carpus 
than in G, minax, and the distal portion of the superior margin is 
high and arcuate and not tuberculated as in that species. The superior 
surface of the carpus is covered with small, rounded tubercles and the 
inner surface is crossed by an oblique, and more or less tuberculated. 
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ridge. The basal portion of the propodus, even in quite small speci- 
nicMis, is shorter tlian the digital portion and its superior and exterior 
surface is covered with small, depressed tubercles of imequal sizes 
and so thickly crowded together that there are scarcely any spaces 
between them, the oblique ridge on the inferior border of the inside 
is armed with numerous very small tubercles, the whole space between 
the upper portion of this ridge and the base of the dactylus is finely 
tuberculose, and the inferior edge is very distinctly margined on the 
outside. Both the propodal finger and the dactylus are more slender 
than in G, ^nhuix but offer no distinctive characters. 

Tiie ambulatory legs are rather stout, very hairy along the edges 
of the carpal and propodal segments and the meral segments are 
broad, those of the posterior pair being about one and a half times as 
long as broad. 

The abdomen is scarcely at all narrowed at the basal segments. 
The terminal segment is very much as in G. min<ix but slightly 
broader in proportion and very similar to that of G. pu-gilator^ figured 
by Edwards in the Annales des Sciences naturelles, 3^"'' serie, tome 
xviii, 1852, pi. 4, fig. 14*^, and not at all like his figure of G.paiustris^ 
1i^, 13'' on the same plate. 

The females differ from the males in being slightly narrower in 
proportion and in having the dorsal surface of the carapax more eon- 
vex and minutely graimlous. 

In life, tlie dorsal surface of the carapax of the male is very dark 
greenish olive, the middle and anterior portion, mottled with grayish 
white, the front, between and above the bases of the ocular peduncles, 
light blue varying somewhat in intensity in different specimens, and 
the anterior margin tinged with brown. The larger cheliped is 
lighter than the carapax, is marked vnih pale brownish yellow at the 
articulations and along the upper edge of the dactylus, and both 
fingers are nearly white along the prehensile edges. The exposed 
portions of the the ocular peduncles and the eyes are like the dorsal 
surface of the carapax. The smaller cheliped and the ambulatory 
legs are somewhat translucent and thickly mottled and specked with 
dark grayish olive. Tlie stennim and abdomen are mottled ashy 
gray. The females differ from the males in having the dorsal surface 
of the carapax less distinctly mottled with whitish and in wanting 
the blue on the front. Tliis description of the colors was taken in 
November, from about a dozen specimens from New Haven. 
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A series of spocimens give the following measurements : — 



Locality. 
New ITaven, Conn. 


Sex. 

Male. 

li 


Length 
of carapax. 

15.3min 
14-8 


Breadth 
of carapax. 

22-6 


Ratio. 
1 : 1-52 

1:1-51 


Length 
of hand. 

mm 
40-5 


Brendth 
of hand. 

mi 
138 


U II 


II 


14-4 


21-9 


1:1-52 


41 


135 


Bahamas. 


ii 


14-3 


220 


1: 1-54 


39-5 


13-4 


New Haven, Conn, 
ik it 


it 

ii 


13-8 
13-7 


20-7 
20-3 


1 : 1-50 
1 : 1-48 


40-0 
370 


130 
12-4 


(1 li 


ti 


12-8 


19-3 


1: 1-51 


345 


12-2 


a it 


.( 


121 


181 


1:1-49 


32-2 


110 


Ka8t Florida. 


i. 


10-6 


16-6 


1: 1-57 


200 


8-3 


New Haven, Conn, 


.1 


104 


15-5 


1: 1-49 


220 


8-5 


East Florida. 


%i 


10-3 


15-7 


1 : 1-52 


24-5 


8-6 


it 


ii 


88 


13-2 


1: 1-50 


15-2 


6-5 


Bahamas. 


ti 


8-7 


12-8 


1:147 


21-0 


68 


.1 


u 


7-4 


110 


1:148 


lC-4 


55 


New Haven, Conn. 


Female. 


12-8 


18-6 


1 : 1-45 






t( it 


(1 


12-5 


17-8 


1: 1-42 






It ti 


II 


12-0 


171 


1 : 1-42 






li ti 


ii 


9-6 


13-7 


1:1-43 






ii li 


tt 


8-6 


12-4 


1 : 1-44 






Bahamas. 


ti 


7-3 


10-2 


1: 1-40 






New Haven, Conn. 


ii 


7 


10-0 


1 : 1 -43 







This Species is common upon the salt-mjirshes about New Haven, 
Conn., and there are specimens in the IMuseum of Yale College i'rom 
St. Augustine, Florida (Col. W. E. Foster). In the cM)llection of the 
Boston Society of Natural History there are specimens from Hahamas 
(Dr. Henry Bryant), and in the collection of the IVabody Academy 
of Science, from Hayti (Dr. D. F. Weinland). 

At first sight this species might be mistaken for the young ol* (r. 
minax^ but when specimens of each, of nearly equal size, are compared 
there is no danger of confounding them. G.puguax is much smaller 
than G, minax^ the carapax is considerably broader, is not so mueli 
contnicted at the antero-lateral angles and is perfectly smooth, the 
tubercles of the outer surface of the larger cheli])ed are veiy much 
smaller and more crowded together, and the coloration is quite dif- 
ferent, the red on the chelipeds and ambuhitory legs V^eing entirely 
wanting. 

A male of this species, collected at New Haven by W. C. Ik^echer, 
presents a remarkable anomaly in having tlie chelij)eds nearly equal 
in size, while in other respects it is exactly like ordinary individuals. 
This specimen is briefly noticed in the American Naturalist, vol. iii, 
p. 657, under the name of G, palustru. The left cheliped is exactly 
like the larger cheliped of ordinary specimens, and the right one 
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diifers only in being soniewluit smaller and in having the fingers 
slightly more incurved at tlie tips so as to tit nicely the buccal area. 
Length of carapax, 11*2"""; breadth of caraj)ax, 16*4'"'" ; rato, 1 : r46. 
Length of lefl chcHped, 25-0'"'". Lengtli of riglit cheliped, 21-0""". 
The specimen, which was examined while alive, was very active and 
used both hands with equal facility. 

With this single remarkable exception, I have found only the 
slightest variations in examining carefully more than a Imndred 
specimens. 

Gelasimus rapax, sp. nov. 

Plate II, figure 2. Plate IV, figure 3. 

Male. The carapax is very much like that of G, pugnnx^ but the 
front is narrower, the upper edge of the superior orbital border is 
sinuous and not so transverse as in that species, being directed some- 
what backward, the border itself is wider and its lower edge is not 
80 abruptly curved above the base of the ocular peduncle. 

In the larger chelipi'd, the anterior surface of the merus is smooth. 
The superior surface of the carpus is minutely tuberculose and the 
inner surface is crossed by a slight, oblique ridge which is nearly 
smooth. The basal j)ortion of the propodus is much stouter tlian in 
O, 2>«//7;iaar and considerably longer than the digital portion, the 
superior and exterior surface is thickly covered with small tubercles 
and the inner surface is much as in G, puf/nax, but the superior 
margin is curved more abruj)tly, and farther downward at the extrem- 
ity of the depression into which the carpus folds, and there is a line 
of bead-like tubercles, along the border next the base of the dactylus, 
whicli are very much larger than in G. pngnax. The propodal finger 
is sliort and stout an<l considerably curved upward, the inferior etlge 
is smooth and rounded, and the prehensile edge is much as in (r, 
pugnax^ but the tubercles are larger. Tlie dactylus is stout, curved 
toward the extremity and the tip hooked by tlie end of the other 
finger, the superior margin is tuberculose toward the base and mar- 
gine<l on the outside for nearly half its length, and the prehensile edge 
is as in G, pur/nax but tliere are four or five large tubercles close 
togetlier near the base. 

The ambulatory legs are quite similar to those of G. pugnax 
but seem to l)e much less hairy. 

The abdomen is as in G, pngnax. 

Length of carapax, 12'6""" ; breadth of carapax, 19*0™"*; ratio, 
1 : 1-51. Length of hand, as^'""* ; breadth of hand, 10-8' 



imm 
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I have seen but a sini^le specimen, which was collected at Aspinwall 
by F. 11. Bradley. Although closely alliod to G, mhtax a\u\ pfff/na^r^ 
it is very different from any specimens which I have seen, of either of 
those species, and is readily distinguished from them by the very short 
and stout fingers, the tubercles on the basal portion of the uj)per mar- 
gin of the dactylus, the long basal portion of the propodus and the 
line of bead-like tubircle.s along its honler next the base of the 
dactylus. The ditierences in the carapax are however very slight, and 
it may possibly prove to be a variety of G. pwjnaj^, 

Qelasimus mordajc, sp. nov. 

Plate II, figure 3. Plate IV, figure 4, 4\ 

Male. The carapax is convex both transversely and longitudinally 
The dorsal surface is )iunctate and the space between the j)uncta is 
smooth and naked, but the puncta themselves give rise to short hairs 
which are very easily removed. The front is much less dellexed tlian in 
the allied species, its dorsal surface is divided by a distinct median sul- 
cus and its inferior surface, bi'tween the margin and tlie epistonic, is 
(juite high. The upper edge of the superior orbital border is directed 
somewhat backward as in G. rajxix^ but is straight and not sinuous ; 
the border itself is much more oblicjue tiian in the allied sj)ecies, so 
that it appears very large as seen from above. Tiie anterior part of 
the lateral margin is thin and projects somewliat laterally. 

In the larger cheliped, all the sjgm Mits are more elongated than in 
the allied species. The anterior surface of the mcrus is smootli, nar- 
row in outline and its margins are tubi*rcalose. Tlio superior an<l 
exterior surfiice of the carpus is obs(rurely tnberculose, and its inner 
sur£ice is crossed by an oblicpie ridge which is nearly smooth. The 
basal portion of the propodus, as seen in front, is narrowed toward the 
articulation of the carpus and is very much shorter than the digital 
portion; the superior, an<l the uj)per part of the exterior, surface is 
obscurely tnberculose while the lower portion is smooth ; the oblique 
ridge on the inferior border of tlie inside, is much higher and extends 
farther back toward the articulation of the carpus than in the allied 
species, and is thickly covered with very lar^j, rounded tubcTcles, 
and all the space between its upper p >rtion and the base of the 
dactylus is covered with depressed tubercles; the superior edge is 
somewhat carinated, slightly tnberculose and margined on the outside, 
and the inner margin is turned abruj)tly downward at the extremity 
of the depression into which the carpus foMs; and finally, between 
this abruptly curved portion and the base of the dactylus and just 
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below the superior margin, there is an oblong, depressed space which 
is veiy conspicuous as se?n from above. This depression exists in 
G, mifi'ix but is not at all conspic^uous. The propodal finger is very 
long and slender, curved upward at the extremity, and the prehensile 
edge armed with a large tubercle near the middle and another near 
the tip, which is deeply excavated for the reception of the dactylus. 
Tlie dactylus is very slender, the basal portion nearly straight, the 
extremity strongly hooked downward and inward, the superior edge 
smooth, and the prehensile edge armed with several large tubercles. 

The ambulatory legs are long and much more slender than in the 
allied species, the meral segments being quite narrow. 

Tiie abdomen is quite similar to the abdomen of G, pugnax^ but is 
somewhat narrower. 

The females differ from the males in having the carapax narrower 
and more convex, and in the branchial regions being tuberculosa along 
the lateral marinns. 

Several sj)ecimens give the following measurements : — 



Sex. 


Lonj?th 
of cnrapaz. 


Breadth 
of canipax. 


Ratio. 


Length 
of hand. 


Breadth 
of hand. 


Male. 


IC-Omm 


25-5mm 


1: 1-51 


45 '001111 


2 2 •5mm 


• 4 


15-4 


23-2 


1: 1-51 


450 


130 


U 


15-3 


23-0 


1 : 1 -50 


46-5 


130 


(i 


U-5 


21 5 


1 : 1-.A8 


42-0 


12G 


it 


10-6 


15-5 


1: 1-46 


20-5 


10 


emale. 


12-9 


18-1 


1 : 1-40 






ti 


12-5 


16-7 


1: 1 34 






14 


10*8 


U-3 


1 : 1-32 







" Canals at Para, South America, October or November, 1858 ; 
Caleb Cooke*' (Collection Peabody Academy of Science). 

Gelasimus pugilator Latrciiie. 

Ocypoda j)ugilat(tr Bosc, Histoirc natiirellc des Gnist, tome i, p. 197, 1802; (jpars) 
Say. Journal Academy Xat Sci , Philadelphia, vol. i, p. tl, 1817, p. 443, 1818. 

Gdasimus pw/Ufthr Latreillo, Xouveaii nictioiinaire d'Histoire naturelle, 2«6dit, tome 
xii, p. 520, 1817; Desmarost, op. clt, p. 123; Kdwanls, Annalos dcsScicnce.snatu- 
relloa. 3"»<? serie, Zoologie, tome xviii, 1852, p. 14, pi. 4, fig. 149; Stimpflon, Annals 
Lyceum Nat Hist., New York, vol. vii, p. G2. 

Gdasimxis vocans, DeKay, Natural History of New York, Crust., p. 14, pi. 6, fig. 9 ; 
{pars) Gould, Report on tlie Invcrtcbrata of Massachusetts, p. 325 (non Cancer 
vocans Linn«'i). 

Plate IV, figure 7. 

This is at once distinguished from any of the east coast 8j>ecies, 
except G. suhcyllfulricns^ by the rectangular outline, swollen and 
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highly polished, dorsal surface of the carapax, and hy the inner sur- 
face of the basal portion of the propodus of the lari^er chelijK*d being 
evenlv rounded and beset with small scatterc*d tubercles, but witli no 
indication of an oblique tuberculose ridge. From G. suboyllndrlcus^ 
it is readily diistinguished by the carapax being narrower and its pos- 
terior margin straight, by the hand in the larger cheliped of tlie male 
being margined w^ith a slight crest on the outside of the su])enor 
edge, and by the narrow male abdomen. 

It seems to be abundant from the Gulf States to Massachusetts. 
At New Haven, Conn., it is very common upon muddy beaches, but 
is not usually associated with G, ptignav^ which prefers salt-marshes. 
There are specimens in the Museum of Yale College, collected at 
Egmont Key, West Florida, by Col. K. Jewett, and at St. Augustine, 
by Col. W. E. Foster and H, S. Williams; and in the collection of 
the Peabody Academy of Science, there are specimens from Savan- 
nah, Georgia, from Blufflon, South Carolina, and from Nantucket, 
Massachusetts, those from the last locality collected by Dr. A. S. 
Packard, Jr. 

A series of specimens give the following measurements : — 



Localltj. 




Bez. 


LenKtb 
of canpaz. 


Breadth 
of carapax. 


KaUo. 


Length 
of hand. 


Drradth 
of baud. 


West Florida. 




Mule. 


15-Omm 


21*Gniiu 


1: 1-44 


38-Onim 


12-5"*™ 


(( 




ti 


14-7 


210 


1: 1-43 


330 


10-5 


New Haven, ( 


Conn. 


it 


14-2 


20-6 


1; 1-44 


36-5 


11-8 


ti 




it 


13-6 


194 


1 : 1-43 


340 


110 


I. 




i( 


13-4 


18-8 


1 : 1-40 


30-2 


11-4 


a 




It 


12-6 


17-4 


1 : 1-39 


270 


10-6 


it 




ii 


11-7 


16-2 


1 : 1-38 


23-8 


9.6 


it 




ti 


7-6 


10-2 


1: 1-33 


9-5 


4-8 


West Florida. 




Female. 


14-6 


20-4 


1: 1-40 






New Haven, Ck>nn. 


tt 


12-5 


16-4 


1: 1-31 






it 


it 


f( 


10-8 


14-3 


1 : 1-32 






(f 


ti 


.1 


91 


120 


1 : 1-32 







G^elaslmus subcylindricus Siimpson. 

Annals Ljceum Nat Hist., New York, vol vii, p. 63, 1859. 

Plate IV, figure 6-6^ 

This species has a general resemblance to G. pug Hat or ^ hut the 
body is much broader, not so much narrowed behind and very con- 
vex, being in fact much like G, gibhosus. The male abdomen and its 
appendages are, moreover, very unlike any other species which is 
known to me. 
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Male. The dorsal surface of tlie carapax is minutely granulous, 
very convex Ion 2;itu(lin ally and swollen along the branchial regions, 
which, however, do not project above the middle of the carapax, and 
the regions are not separated by distinct sulci. Tlie front is evenly 
rounded and strongly deflexed. The superior border of the orbit is 
nearly per])endicular, and its posterior, or uj)per, margin is sinuous, 
curving fonvanl in a slight prominence in the middle. The antero- 
lateral angle is obtuse and not at all prominent. The lateral margins 
converge slightly anteriorly and are only faintly indicated on the 
postero-lateral border. The posterior margin is divided into two 
broad lobes by a very marked median immargination. The inferior 
border of the orbit is slightly curved and finely denticulate. 

The external maxillii)eds are proportionately smaller than in the 
allied species, the ischium is only very slightly wider than the merus 
and its outer margin is nearly straight. Corresponding with the form 
of the external maxillipeds, the buccal opening is smaller and more 
rectangular than in the other species. 

Tn the larger cheliped, the angles of the merus are obtuse and 
granulous and the anterior surface is slightly convex. The outer sur- 
face of tlie carpus is slightly granulous. The basal portion of the 
propodus is nearly as long as the digital portion ; the inner surface is 
not armed with a tuberculose ridge along the inferior margin, that 
portion being rounded and only obscurely tuberculose, but on the 
border next the base of the dactylus, there are two, sharp, tubercular, 
parallel ridges, the inner one highest and separated from the other by a 
deej), narrow groove; the outer surface is densely covered \*'ith small, 
de})rcssed tubercles which are more unift)nn in size and more promi- 
nent than in O, j^ffff^tfi^, or G. putjilator ; the superior edge is tuber- 
culose but not distinctly margined on the outside as in (?. minax^ 
pugnaw^ and 2?ff(/il(7tffr /* the inferior edge is anned with a prominent, 
tubercular margin on the outside, and the flat, oblique space between 
tlu! imwT and outer margins is smooth and shining, w^hile in Q, pugil- 
ator it is covered with rounded granules. The propodal finger is 
considerably curved uj)ward, its outer surface is armed, on the basal 
portion, with a distinct, median ridge, the inferior margin is smooth, 
and the ])rehensile edge tubercular and armed with a single, large 
tooth near the middle. The dactylus is strongly and evenly curved, 
the superior margin is smooth and the prehensile edge is tubercular 
and armed with several larijer tubercles toward the base. The smaller 
cheliped and the ambulatory legs do not differ notably from those of 
the allied species. 
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Tlie abdomen is very broad, its breadth bciiio; fully equal to two- 
thirds its length, while, in G.pugilator and allied species, the breadth 
\& not equal to more than half the length. The terminal segment is 
very small, being rather less than half as liroad as the penultimate 
and very much shorter than broad. The a])penduges of the first seg- 
ment are very stout and nearly straight organs, reaching to the middle 
of the penultimate segment, and the tips are horny and slightly hairy, 
while in G.pffgilator these organs are longer, very slender, and 
strongly curved outward at the tips. 

The female differs from the male in haviii^ the posterior margin of 
the carapax only slightly immarginate in the middle. 



Sex. 


LeDKtii 
ofcarapuz. 


Breadth 
of carapax. 


Ratio. 


Lcnfrth 
of hand. 


Breadth 
of hand. 


Male. 


]2linm 


Ig -511110 


1:1-53 


25'0n»ni 


11-ynim 


•( 


10 5 


160 


I: 1-52 


20-5 


9 


Female. 


100 


15-5 


1 : 1-55 







Tlie above description and measurements were made from three of 
the original specimens, collected at Matamoras on the Kio Gran<le, 
by M. Berlandier, and loaned by Dr. Stinij)sun. 

GelasimUS StenodacyluS Edwardn et Lucas. 

Xoyago do d'Orbigny dana rAmeriquo m«'ridionale, Cnist., p. 2G, p. II, fij?. 2, 1S43 ; 
Edwards, Annalea des Sciences naturelles, 3™e serie, Zool, tome xviii, lsr)2, p. 149. 

"Trouv6 sur les cotes du Valj)araiso i>ar M. d'Orbigny,'' (p]dwar<ls 
and Lucas). In the Annales des Sciences naturelles, Edwards gives 
the habitat as, " Chili, Br6sil," but there is very likely some mistake 
in regard to the latter locality for very few, if any, species of Crusta- 
cea are common to Chili and Hrazil. 

G-elasimus Panamensis stimpson. 

Annals Ljoeum Nat. Hist, New York, vol. vii, p. 63, 1859. 

Plate IV, figure 5. 

Stimpson had only the young of this species and did not give the 
characters of the larger chelii>ed of the male, but a good series of 
specimens collected at Panama by Mr. Bradley, shows that it is very 
different from any of the east coast sj)ecies and is not allied to any 
from the west coast, unless it be to G. stenodctttylus which I have 
not seen. 

Male. The carapax: is broadest between the antero-lateral angles 
and is much less convex than usual. The dorsal surface is verv 
minutely granulose, and there are a few coarse granules or small 
tubercles on the front and on the anterior part of the branchial region 
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near tho lateral margin. The uj)por edge of the superior orbital 
bonier is sinuous an^l the border itself is quite narrow. The antero- 
lateral angles are sharp and project prominently forward. The 
inferior orbital margin is thin and shar|)ly dentate and its outer angle 
is prominent and angular, and is separated from the superior margin 
by a deep and broadly rounded sinus. 

In the larger cheliped, the morns is slender, and its anterior surface 
is narrow and smooth and the margins are unarmed and rounded. 
The carpus is evenly rounded and nearly smooth externally. The 
basal portion of the propodus is smooth or microscopically gninu- 
lose and flat and entirely unarmed within ; thy depression into 
which the carpus folds is very short, not extending half way to the 
base of the dactylus ; and the superior and inferior margins are evenly 
rounded. The propodal finger is slightly upturne<l at the tip, the 
inferior edge is j>erfectly smooth and evenly rounded, and the tuber- 
cles of the prehensile edge are nearly obsolete except a large de- 
pressed one near the middle. The dactylus is strongly curved down- 
ward at tip, the superior edge is smooth and rounded and the pre- 
hen-^ile edge is obscurely tubercular In very young specimens the 
hand is quite granulose above but becomes smooth with age. 

In the smaller cheliped the tips of the fingers are densely clothed 
with soft hair. 

The ambulatory legs are slender, smooth and almost entirely naked. 

The females difter from the males in the carapax being a little 
narrower in proportion, and in the branchial regions being slightly 
inflated and more trranular or even tuberculose. 

Several specimens give the following measurements : — 



LocAllty. 


Sex. 


L«*nvth 
of carapax. 


Breaith 
of carapax. 


Ratio. 


of hand. 


of IMDU. 


'annmo. 


Male. 


12'5»nm 


ISOmm 


1: 1-44 


27 '510111 


9'4mni 


•• 


<i 


12 1 


180 


1: 1-49 


32-0 


11*0 


tt 


(( 


8-3 


111 


1: 1-34 


9-4 


4-8 


K 


Female. 


13-6 


18-5 


1 : 1-36 






l( 


it 


12-2 


17-0 


1 : 1-39 






(1 


i. 


11 5 


ir>o 


1: ;-39 






(1 


(( 


9-7 


13-8 


1:1-42 







C. — Species in whicJi the fourth^ fifth and sixth segw-nts of the male (ibdomen completeiiif 
anchylose, and in which the carapax is very transverse^ and tfie hranehptl regions are 
gibbous. 

G-elasimus gibbosus, sp. nov. 

Plate II, figure 11. Plate IV, figure 8. 

Male. This is a small species quite different in general appearance 
from any of the foregoing. The body is very short and broad, very 
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little contracted behind, and, in general form, a short cylinder trun- 
cated at each end. The chelipeds and ambulatory legs are slender 
and elongated. 

The dorsal surface of the carapax is naked, smooth and shining, 
convex longitudinally, deeply areolated and nearly sym metrical The 
cervical suture is slightly curved and very distinctly marked by a 
deep sulcus. The median portion of the gastric region is triangular, 
and is separated from the antero-lateral lobes by very distinct but 
shallow sulci, which meet in an acute angle on tlie front. The cardiac 
region is large, quite prominent and distinctly separated from the 
gastric. The branchial regions are very prominent and swollen, pro- 
jecting much above the median regions, and a narrow portion next 
the cervical suture is cut off by a straight and sharp sulcus. Tlie 
£ront projects well forward and is quite narrow, but not contracted 
between the bases of the ocular peduncles. The superior border of 
the orbit is nearly on a plain with the anterior part of the carai)iix, 
its anterior edge is strongly arcuate and is marked by a very slight, 
but sharply raised and continuous margin, and the posterior edge is 
marked by a faintly raised line, which is transverse and nearly 
straight toward the front, but, toward the side of the carapax, falls 
off posteriorly, so that the antero-lateral angle, which is right-angular, 
but not at all prominent, is considerably posterior to the rest of the 
anterior margin. The faintly margined lateral borders are parallel 
anteriorly but approach slightly posteriorly. The inferior border of 
the orbit is denticulate, the teeth being very minute on the portion 
toward the front but much larger, and very slender on the outer 
portion, and round into the external hiatus. The jugal regions are 
much swollen and are separated from the buccal area by a deep 
depression. 

The ocular peduncles are quite stout and as long as the orbits, 
which they nearly fill. 

The ischial segments of the external maxillipeds are very broad 
and the outer edges are arcuate to fit the expanded buccal area, and 
thus resemble the species of section A. 

The larger cheliped is remarkably developed for so small a species, 
the merus being as long as the carapax, while the hand is almost three 
times as long, and nearly twice as long as the breadth of the carapax. 
The anterior surface of the merus is smooth, flat ahd quite narrow, 
and its angles are smooth and unarmed. The superior and exterior 
surface of the carpus is evenly rounded and very slightly granulous, 
and the inner margin is sharp and dentate. The basal portion of the 
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propodus is sliort and compressed, the outer surface is flat and <?ranu- 
lous, the inferior edge is ans^ular and lias a very slight, granular 
margin on the outside, the superior edge is rounded and granulated, 
and the inner surface is armed witli a slight, oblique, tuberculose 
ridge extending from the inferior edge to the short depression into 
which the carpus folds. Tlie digital portion of the propodus is much 
com])re»8ed, straight and very slender, the mferior edge is nearly 
smooth, the prehensile edge is only very obscurely tuberculate and 
has a single, very slight tooth near the middle, and the tip is slender, 
acute and slightly uptunied. The dactylus is compressed, very 
slender, straight for two-thirds its length and the terminal portion 
regularly curved downward, the superior edge is rounded and slightly 
granulous toward the base, and the prehensile edge is as in the other 
finger, except that the tooth is smaller and nearer the base. 

The smaller chelipeil is smooth and unarmed, the merus is slender 
and triijuetral, the carpus is short and rounded, the basal portion of 
the proj>odus is quite short and thick, and the fingers are slender. 

The ambulatory legs are long, very slender and nearly naked, and 
the meral segments are very narrow. 

The sternum is very broad and very convex. The abdomen is 
scarcely at all contracted at the second segment, and it tapers slightly 
to the extremity of the sixth ; the first and second are very short, the 
the third is about twice as broad as long, the fourth, fifth and sixth 
are completely anchylosed into ore piece, and the eeventh, or last, 
forms very nearly a semicircle. 

Length of caraj)ax, 8*5""" ; breadth of carapax, 14-4"'"^; ratio, 1 : 1*79. 
Length of hand, 24-8°"" ; breadth of hand, 8-2™'". 

I have seen only one specimen, which was collected at the Gulf of 
Fonseca, west coast of Central America, by J. A. McNiel (Collection 
Peabodv Academv of Science). 

Family, Gecarcinid.k. 

Cardiosoina Latreille. 

Tn this genus the abdominal appendages of the male present, in 
some cases at least, good specific characters. In all the species which 
I have examined, the appendages of tlie first segment are very stout 
and nearly straight organs reaching beyond the middle of the abdo* 
men, articulate<l at their bases with a large and hard semicircular 
plate, which arches round the intestinal canal and joins the abdomen 
on each side, and armed at their extremities with slender, homy tips. 
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The appendages of the second segment are small and inconspicuous, 
and their slender tips are flexible and folded within a little groove on 
the inside of the bases of the appendages of the first segment. 

Cardiosoma guanhiimi Latreiiie. 

Cardisoma guanhumi Lntreillc, Kncyclopedie methodique, tome x, p. G85, 1 824, {teste 
Edwards); Kdwards, Histoire natnrelle des Crust., tome ii, p. 21, 1837; Ilcjrno 
animal de Cuvier, 3"« <'?dit, pi. 20, fig. 1 ; AniinleH des Sciences naturclles, '3^^' serio, 
Zoologie, tome xx, 1853, p. 204, pi. 9, fiji^. 1 ; Gibbes, On tho Carcinological (Col- 
lections of the United States, Proceedinjfs American Association, 3(1 Meeting, 
p. 179, 1850; Stimpson, Proceedings Aca<lemy Nat. Sci., Philadelphia, 185j<, p. 100; 
Saussure, Cnistaces nouveaux des Antilles ot du Moxique, p. 21, 1858. 

Ocypoiie (Cardisoma) cordata Dellaan, Fauna Japonica, Cnistacea, p. 27, 1835 {rum 
Cancer cordatM Linne). 

Ocypoda ruricol*t Freminville, Annales des Sciences naturelles, 2« serie, Zoologie, 
tome iii. 1835, p. 317 {non Cancer ruricola Linno). 

Ocypoda gigantea Freminville, loc. cit, p. 221, 1.S35. 

Plate V, figure 3. 

Tlie abdomen of the male is broadest at the third segment, from 
which the margins converge rapidly to the sixth, which is considerably 
longer than broad. The terminal segment is narrow and its extremity 
is rounded. The first pair of abdominal appendages reach to the 
middle of the sixth segment, are triquetral, straight and stout, and 
their tips are roimded and slightly flattened laterally, and each is 
armed with a very small, scale-like appendage directed obliquely out- 
ward, and on the upper edge, just above this appendages, there is a 
small process which is straight and does not reach beyon<l the rounded 
extremity of the thickened portion of the organ. 

A male from the Florida Keys gives, length of carapax, 65""" ; 
breadth of carapax, 78'"""; ratio of length to breadth, 1:1*20. 
Length of merus in right cheliped, 31"""; in left eheliped, 49""". 
Length of right hand, 45°'™ ; breadth, 19. Length of lett; hand, 88""" ; 
breadth, 44. 

Cardiosoma quadratmn Saussure. 

See these Transactions, vol ii, p. 16. 

Plate V, figure 4. 

In this species the male abdomen and its appendages are almost ex- 
actly like those of C. guanhumi except that the horny extremities of 
the appendages of the first segment are a little longer and more slen- 
der. There is a remarkable difterence between the male abdominal 
appendages of this species and the species from the west coast of 
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Africa, with which it is compared on page 16 of this volume. In the 
African species tlie first pair of these appendages are very much like 
those of the following species, the homy tips being long, slender and 
somewhat spiral, and the process on the upper edge extending much 
beyond the thickened portion of the orgaiL 

Cardiosoma crassiim, sp nov. 

Plate V, figure 5. 

In general appearance this species is closely allied to C. quadratum. 
The carina of the lateral margin of the carapax is, however, much 
more strongly marked and the ambulatory legs are clothed with long 
hair, while in C quadratum they are nearly naked. The male abdom- 
inal appendages are entirely unlike in the two species. 

The dorsal surface of the carapax is naked, very minutely granu- 
lous, regularly and strongly C(mvex longitudinally, but only slightly 
transversely, and the areolation is not strongly marked, the cardiac 
region and the median portion of the gastric alone being indicated ; 
the anterior extremity of the mesogastric lobe, however, is distinct, 
long and slender and reaches nearly to the front. The front is broad 
and higli and the epigastric lobes protuberant, leaving, between them 
and the front, a de])re8sed space which is thickly covered with coarse 
granules. The superior margin of the orbit is slightly sinuous, as seen 
from above, and the lateral angle projects forward as an angular tooth. 
Just back of this tooth the antero-lateral margin is broken by a sharp 
notch, above which the carina of the lateral margin begins in a sharp 
prominence. This carina through its entire length is very high and 
distinct, being much more strongly marked than in C. quadratufn. 
The epistome and nasal lobe are very much as in C, quadratum^ but 
the labial border of the epistome is armed with a line of granules 
which is more sharply raised and composed of smaller granules than 
in that species. The jugal regions are densely clothed with short, soft 
hair. The inferior branchial regions are naked, but are roughened 
with numerous, short, sharp rugte. 

The chelipeds are very unequal in both sexes, and the ischial seg- 
ments are anned, on the anterior side, with a few small tubercles. In 
the larger cheliped, the merus is triquetral, very stout and reaches 
slightly beyond the lateral margin of the carapax, the anterior sur- 
face is flat and both its margins are anned with very large and prom- 
inent tubercles directed forward, and on the outer surface and the pos- 
terior angle, which is obtuse, there are short granulous ruga; which 
are very conspicuous on the angle. The larger hand is very short and 



& L Smith on American Crustacea, 145 

stoat, the breadth being about equal to four-sevenths of the length ; 
the outer surface of the propodus is flattened and smooth ; the inner 
surface, in the middle and toward the base of the dactylus, and the 
margins, are armed with scattered tubercles ; and finally, the fingers 
are very stout, the outer edges are armed with small horny tubercles, 
and the prehensile e(^es gape but slightly, and are armed with large, 
irregular teeth. In the smaller cheliped, the merus is more slender 
and docs not quite reach the lateral margin of the carapax, and the 
hand is very much smaller and more slender. 

The ambulatory legs are stout and the carpal and propodal seg- 
ments, and the meral on the angles below, are clothed with long black 
hairs, which are very conspicuous and fasciculated on the carpal and 
propodal segments of the first and second anterior pairs. 

In the male, the abdomen is broadest at the third segment, from 
which the margins converge regularly to the sixth, which is nearly or 
quite as broad as long and only slightly narrowed for most of its 
length, but sharply contracted just before the articulation with the 
small and narrow terminal segment. In the female, the abdomen is 
broadest near the articulation of the fiflh with the sixth segment, and 
the margins of the sixth segment are arcuate and converge rapidly to 
the small, obtusely triangular terminal segment. 

The first pair of male abdominal appendages reach to the middle 
of the penultimate segment of the abdomen, and their extremities 
are slightly flattened laterally, thickly clothed with hair on the out- 
side and terminated by a long, slender, hard and homy tip, which 
curves outward for nearly half its length, then rapidly upward, and 
again outward at the end, forming thus about the third of a very 
elongated spiral From the under edge, just below the base of this 
homy tip, there is a stout, straight process, which is soft and flex- 
ible, and clothed at the extremity with hair. 

Four specimens give the following measurements: — 
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Length of carapax. 
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- 56-4 


68-0 


1: 1-21 


Female. 


m 


. 


530 


64-5 


1: 1-22 



I have examined a large nimiber of specimens collected at the Gulf 
of Fonseca, west coast of Central America, by J. A. McNiel, and in 
the Museum of the Peabody Academy of Science. 

Tba>'& Connecticut Acad., Vol. II. 10 April, IStO. 
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Family, Hosciad.*:. 

PseudothelphUSa Sauasure. 

PoUiviia Liitreille, Conrs (I'l'iiV-mologio, j). 338, 1S31 (teste Kdwards); Edwards et 
Lucas, VoyajfC de d'Orbigny dans rAiiuTiqiie nieri«lionale, Crust., p. 22, 1843; 
White, Lisl of the Crustacea iu the Lritish Museum, p. 30, 1847 ; Dana, United 
States Kxploring KxpiHJition, Crust., p. 203 ; Saussure, Crustaces noveaux des An- 
tilles et du Mexique, p. 10, 1858 {nan llobinoau-Desvoidy). 

Boacia Kdwards, Ilistoire uaturelle des Crust , tome ii, p. 14, 1837 ; Annales des iSci- 
ences naturellos, 3»ne Siirie, Zoologie, tome xx, 1853, p. 207 ; A. Edwards, Annales 
de la SuoieU'* entomoloi^ique de France, 4™« perio, tome vi, 1866, p. 203. 

P»eudothelphusa Saussure, llevue et Magasin de Zoologie, 1857, p. 305 (teste Saus- 
sure). 

Latreille's name, Potamia^ given in 1831, was properly rejected by 
Edwards on account of its previous use, in 1830, by Robineau-l)es- 
voidy, for a genus of Dipt era, but the name JBoscia^ proposed by 
Edwards in 1837, is quite as objectionable, having been used, accord- 
ing to Agassiz's Nomenclator Zoologicus, by Leach, in 1813, for a 
genus of Cirripedia, by Schweigger, in 1820, for a genus of Polyps, 
and by Leach again, in 1824, for a genus of Coleoptera. Pseudothcl- 
p/iuaaj although at first proposed as a new genus, does not differ es- 
sent ially from the species of Edwards' Boscia which have no superior 
frontal crest, and was finally united with Potamia by Saussure him- 
self, so that it may properly be adopted for the genus as defined by 
Edwards. 

Pseudot/ielphusay as here limited, includes the following American 
species : — 

P. Americana Saussure, from Haytu 

P. gracilipes {Boscia gracilipes A. Edwards, Annales de la Soci6t6 
entomologique de France, 4"'^ 86rie, tome vi, 1800, p. 204), from Haute 
Vera-Paz, Gauteniala. 

P, plana^ sp. nov., from Peru. 

P. inacTopa {Boscia macropa Edwards, Archives du Museum 
d'llistoire naturelle, Paris, tome vii, p. 175, pi. 12, fig. 3), from Bo- 
livia. 

P Chilensis {Potatniff Chilensis Edwards et Lucas, Voyage de 
d'Orbigny dans I'Anierique meridionale, Crust., p. 22, pi, 10, fig. 1), 
from Lima, Peru. 

P. denticuluta {Boscia denticulata Edwards, Annales des Sciences 
naturelle, Zoologie, 3""^ scrie, tome xx, 1853, p. 208), from Guiana. 

P. Bocourtiy {Boscia Bocourti A. Edwards, loc. cit., p. 203), from 
the River Coban, Haute Vera-Paz, Gautemala. 
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P, dentata {Boscia dsntcUa Edwards, Ilistoire naturelle des Crust., 
tome ii, p. 15, pL 18, fig. 14-16), from the West Indies. 

The only other described species is the P. sinutifrons {Boscia simtr 
ti/rons A, £d wards, loc cit., p. 205), the liabitat of which was not 
known. 

Potamia ^j^(/ro/» Randall {Journal Academy Nat. Sci., Philadel- 
pliia, vol. viii, p. 120, 1839), suj)posed to have come from Surinam or 
the West Indies, probably belongs here, but the description is too 
indefinite to determine its affinities with any degree of certainty. 

Pseudothelphusa plana, sp. nov. 

Female. The carapax is very broad and its dorsal surface is flat in 
the middle and posteriorly, but convex along the ant<}rior bonier, and 
is punctate, but the surfjice between the widely separated ])unctures 
is glabrous. The gastric region is undivided, except by a short and 
shallow median sulcus, which separates the slightly indicated anterior 
lobes and extends down the front. The anterior portion of the cer- 
vical suture, from the median lobes of the gastric region to the antero- 
lateral margin, is well mdicated by a straight, broad and deep sul- 
cus. There is no sulcus between the gastric and hepatic regions. 
The branchial regions are very prominent and undivided. The front 
is defiexed and the narrow inferior margin is perpendicular, and has 
a distinct submarginal groove. The orbits are well filled by the 
stout ocular peduncles. The antero-lateral margin is evenly and very 
strongly arcuate, and its edge is sharp and finely denticulated. The 
posterolateral margin is concave in outline. 

The external maxilli})eds, as well as the sternum, are punctate like 
the carapax but the punctures are much larger. 

A single cheliped is quite small ; the merus scarcely reaches beyond 
the carapax, is triangular, the anterior angle slightly dentate, and the 
posterior angle rounded and granulated ; the upper side of the carpus 
is punctate like the carapax, evenly rounded and armed with an angu- 
lar tooth on the inner margin ; the basal portion of the propodus is 
punctate, slender and evenly rounded ; and finally the fingers are long, 
slender, cylindrical, nearly straight, and slightly toothed within. 

The ambulatory legs are naked, slender and rounded, and the 
dactyli are nearly straight, cylindrical and sparsely spinulose. 

The color of alcoholic specimens is uniform dark olive brown above 
a d lighter beneath. 

Breadth of earai»ax. Batk). 

22 ^mm 1: I 05 

2t-7 l:lft7 



Sex. 


Length of canpaz. 


Female. 
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II 


16-6 
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There are two rather badly preserved specimens, collected at Paita, 
Peru, by Prof. James Orton, in the Museum of Yale College. The 
smaller specimen wants both ehelipeds, and the larger specimen, one. 

This si)ecies is closely allied to P. macropa^ but is easily distin- 
guished from it by the denticulated antero-lateral margin, by the short 
merus of the ehelipeds, and by the flattened carapax — the carapax of 
P. macropa being represented in Edwards' figure as quite convex 
transversely, while in P. plana it is flat in that direction. Moreover 
the front seems to be much more deflexed in our species, the orbits 
are much smaller and are well filled by the eyes, and the antero-lateral 
margin is not '^ creus^s en dessous d'un sillon bien marqu6." In the 
depressed form of the carapax, it is apparently closely allied to P, 
gracilipeSj but the ambulatory legs are not longer in proportion than 
In P. inacropa, and the front is almost straight, as seen from above, 
and not lobed as in P. Americana^ with which the front of P. gra- 
ctlipes is compared. In the denticulated antero-lateral margin it re- 
sembles P. ChiknsiSy but in the form of the carapax, and in other 
characters it is much nearer to P. macropa, 

Opisthocera,* gen. nov. 

The carapax is much as in Paeudothelph'uaa ; the dorsal surface is 
not distinctly areolated; the front is deflexed, smooth and unarmed, 
and the edge is not reflexed beneath a suj>erior crest as in JEpiloboc^a 
and Potamocarcinus ; and the lateral margins are not armed with 
strong teeth or spines. 

The epistome is deeply channeled transversely and the labial bor- 
der is divided into three very prominent lobes projecting far forward, 
and of which the lateral ones are bilobed at tip and are separated 
from the antero-lateral angles of the buccal opening by broad and very 
deep efferent orifices. 

The external maxillipeds are as in Epilohocera^ the merus trans- 
verse, the anterior margin roimded, and the palpus goniarthroid. 

In the single species upon which the genus is based, there is a long 
and slender spine projecting from the upper side of the expiratory 
canal near the external orifice. 

In the character of the front, this genus agrees with the species of 
Pseudothelphuaa which have no superior frontal crest and differs from 
Epilohocera^ while, in the position of the antennae, it agrees with Epi- 
lohocera and differs from Pseudothelphiua. 
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Opisthocera G-ilmanii, sp. nov. 

Plate V, figure 1. 

Male. The dorsal surface of the carapax is evenly convex in two 
directions and nearly smooth, but very minutely granulated and con- 
spicuously punctate with widely scattered punctures. There is no 
indication of areolation except two minute lunate impressions in the 
middle. The front has a smooth, revolute margin, which is continu- 
ous with the upper margin of the orbits, and a distinct, submarginal 
groove, which extends slightly along the inner portion of the supe- 
rior orbital border. The orbits are large, open and shallow, only par- 
tially filled by the ocular peduncles, and the inferior margin is sharp 
and minutely denticulate. The antero-lateral margin is evenly con- 
vex in outline, is broken by a small, oblique groove near the angle of 
the orbit, and its edge is sharp and very slightly and obtusely dentic- 
ulated anteriorly, but smooth posteriorly. The postero lateral mar- 
gin is concave in outline and rounded. The inferior lateral regions 
are naked and smooth. The labial border of the epistome is deej)ly 
divided ; the lobes are very prominent, and nearly horizontally, the 
median lobe being longest and its extremity triangular. 

The external maxillipcds are nearly smooth externally, but are 
marked with a few scattered punctations. 

The chelipeds are very unequal ; in both, the merus is triquetral, the 
inferior angle rounded, but armed with a few small tubercles toward 
the carpus, and the superior angles are obtuse and armed with numer- 
ous tubercles, which are somewhat spinifomi on the anterior angle ; 
the carpus is smooth and rounded externally and has a prominent 
spine on the inner margin. The basal portion of the propodus in the 
larger hand, is very stout, the superior margin is quite high, but 
rounded, and the inferior margin is armed with a few small tubercles 
near the base, the fingers are long, rather slender, and irregularly 
toothed within, and the dactylua is strongly curved so that the fingers 
gape very widely. Tlie smaller hand is quite slender, the fingers are 
nearly cylindrical, very long, nearly straight, and but slightly gaj)ing. 

The ambuLitory legs are slender, naked and nearly smooth, the 
meral segments are narrow, and the dactyli are armed with three rows 
of si)ines above and two below. 

Tlie abdomen is widest at the third segment, and the first and sec- 
ond segments are only slightly narrower; from the third segment, the 
margins converge quite rapidly to the sixth, which is nearly twice as 
broad as long and its lateral margins only slightly converging ; the 
terminal segment is much broader than long and its extremity som 



150 & I. Smith on Amerhun Crustacea. 

what acutely arcuate. The appendages of the first segment are ven- 
stout and nearly Btraiglit orjjans reaching to the middle of the sixth 
segment, and articulated at their bases to a hard phitc, which arches 
round the intestinal canal much as described under the genus ('tinli- 
osomti, A deep groove extends from the basal articulation along the 
inside of each o ' tiiese organs, curving round to the outside and ter- 
minating at the tip, which is truncate, turned sharply outward and 
armed with shar]), hooked spinules, and, on the inferior edge, with a 
small, curved process. Tlie appendages of the second segment are as 
long as those of the first, are widely separatinl at their bases, and the 
terminal portions, which are lodged in grooves in the ai)pendages 
of the first segment, are long, very slender and taper to acute points. 

The color, in alcohol, is uniform dirty yellowish brown, lighter 
beneath. 

Length of carapax, 38*7°'"' ; breadth of canipax, 67*2""" ; ratio, 
1:1-48. Length of larger hand, 61'0"""; breadth, 24*5; length of 
dactylus, 37'0. Length of smaller hand, 41-0'""'; brt»adth, 12'8; 
length of dactylus, 24-6. 

The single specimen, which furnishes the above description, is in 
the collection of the Boston Society of Natural History, and was col- 
lected in a small strt^am near the center of the Isle of Pines by S. II. 
Scudder and Winthrop S. Oilman, Jr. At the suggestion of Mr. 
Sc^udder, the species is named for his friend. 

Epilobocera stunpson. 
Epilobocera Cubensis stimpson. 

Annals Lyooiim Xat, Ilist, Now York, voL vii, p. 231, 18G0. 

Tliis species, discovered in fresh water streams on the Island of 
Cuba, near Santiago, has close generic relations with the last species, 
but the character of the front and 4)f the epistorae is very different. 

I have seen only a single, imperfect, female specimen loaned by Dr. 
Stimpson. In this s[>ecimen, the dorsal surface of the carapax is arm- 
ed, along the lateral border, with small, tuberculiforni granules, and 
the inferior lateral rt»gions are armed, toward the lateral margin, with 
similar graimles which are conspicuous on the anterior ]iart of the in- 
ferior branchial region. The superior frontal crest projects consider- 
ably beyond the inferior one and is divided into two, slightly convex 
lobes by a well marked, median sulcus which extends back upon the 
carapax to the mes<igastric lobe. The inferior marghi of the front is 
straight, as seen in a front view, and its edge is slightly crenulated. 
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The inferior margin of the orbit is finely erenulated, and the crenula 
tions cease near the external angle, but there is no liiatus. 

The labial border of the epistomc has a prominent, triangular tooth 
in the middle and smaller ones each side ; they all project downward 
and very slightly forward, and the median one has one or two small 
denticles toward its base. There is a quite broad, but very short, pro- 
cess projecting from the upper side of the expiratory canal, nearly in 
the position of the slender spine in Opisthocera. 

The abdomen is very similar to that of the male Opiathocera just 
described, except that the first and second segments are scarcely nar- 
rower than the third. It is remarkably narrow for a female, and tlie 
specimen is probably a sterile individual of that sex. 

Epilobocera armata sp. nov. 

Plate V, figure 2. 

The carapax is flattened above and the dorsal surface is nearly 
smooth, but very minutely granulous and punctate with widely scat- 
tered punctures. The epigastric lobes are just indicated by slight ele- 
vations and are separated by a very distinct, broad and shallow me- 
dian sulcus which extends forward and breaks through the superior 
frontal crest in a smooth sinus. There are no other marks of areola- 
tion except two minute lunate impressions in the middle of the cara- 
pax. The superior margin of the front ]>rojects slightly beyond the 
inferior one, is nearly straight, as seen from above, but curved down- 
ward in the middle, as seen in a front view, and is closely armed with 
conspicuous, rounded tubercles. The inferior margin of the front is 
straight and its edge is raised into a prominent crest and is distinctly 
erenulated. The superior margin of the orbit is continuous with the 
inferior margin of the front and is erenulated like it, and, at the outer 
angle is armed with one or two spiniform tubercles. The inferior mar- 
gin of the orbit is finely dentate and is broken beneath the outer angle 
by a broad, smooth sinus. The antero-laUTal margin is separated from 
the angle of the orbit by a slight hiatus and is armed with sharp, 
spiniform teeth, which are prominent and slender on the anterior por- 
tion, but decrease in size posteriorly and are quite small at the broad- 
est j)ortion of the carapax. The postero-lateral margin is concave in 
outline, as seen from above, smooth and rounded. 

The labial border of the epistome is divided into three lobes as in 
the last species. The median lobe is very prominent, projects out- 
ward nearly as far as the superior crest of the front, is acutely trian- 
gular and armed with two or three spiniform tubercles on each side, 
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of which the ones toward the base are very prominent. The lateral 
lobes are obtusely rounded, their outer margins are unarmed and the 
inner margins are armed somewhat as the median lobe, but the tuber- 
cles at the bases are slightly separated from the lobes, and stand par- 
tially between the lateral and median. There is a process pro- 
jecting from the upper side of the expiratory canal, as in the last spe- 
cies. 

The external maxillipeds, the chelipeds, and the ambulatory legs 
are very much as in E, CubenaU. 

The abdomen is very broad, nearly covering the whole stiernum, 
the greatest breadth being at the fifth segment, and the fourth and 
sixth but little narrower. 



Sex. 


Length of carapux. 


Breadth of carapaz. 


Ratio. 


Female. 


43.8mm 


70-4 


1:1-61 


t» 


47-2 


77-6 


1:1-64 



The two specimens from which this description was taken are in 
the collection of the Boston Society of Natural History, and without 
labels to indicate from whence they came, but they are probably from 
the Bahamaa 

Although closely allied to -E Cubeftsis, it is readily distinguished 
from the only specimen of that species which T have seen, in wanting 
wholly any granulations or tubercles along the lateral margins of the 
carapax, either above or below, by the more tuberculose superior fron- 
tal crest, in having tubercles at the outer angles of the orbits and a 
marked hiatus beneath it in the inferior margin, by the much longer 
teeth of antero-lateral margin, and by the quite different labial bor- 
der of the epistome. 

Family, Trtchodactylid.«. 

DilOCarcinUS Fklwards. 

DilOCarcinUS pictUS Edwards. 

Annales des Sciences naturelles, 3°*^ serie, Zoologie, tome zz, 1853, p. 216; Archives 
du Museum d'Histuire naturelle, Paris, tome vii, p. 181, pi. 14, fig. 2, 1854. 

There are specimens in the collection of the Peabody Academy of 
Science and of the Museum of Yale College, from the River Amazon, 
at Nauta, Peru, which I refer to this species, although they do not 
agree perfectly with Edwards' figures and description. The speci- 
mens from Nauta are alcoholic and both females, and are considera- 
bly larger than the figure given by Edwards, one of them giving the 
following measurements: — Length of carapax, 29*0™"'; breadth of 
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oarapax, including teeth, 34 '6; ratio, 1:1'19. The carapax in our 
specimens is somewhat broader and the lobes of the front, as seen 
from above, are more prominent and their summits nearer together, 
leaving the orbit larger, than in the figure. The propodi and dactyli 
of the ambulatory legs are thickly ciliated along both edges, while 
Edwards' figures 2^ and 2^ represent only a few cilia on the posterior 
edges ; in the text, however, the dactyli are said to be ** ^ bords cili6s." 
The abdomen is quite remarkable for a female, the third and the three 
following segments being united into a single piece, as in the figure of 
the male abdomen, given by Edwards,* but, unlike the figure, it is 
broadest at the middle and the margins are convex in outline. 

Family, Grapsidje. 
Q-lyptograpsus, gen. nov. 

The carapax is much broader than long and the dorsal surface is 
distinctly areolated. The front is arched and nearly horizontal above 
the antenna; and antennulte, but excavated and deflexed in the mid- 
dle. The lateral margins are strongly arcuate and are dentate ante- 
riorly. 

The epistome is high and nearly perpendicular and is crossed trans- 
versely by a sharp groove, and the labial border is straight, as seen in 
a front view, but broken by a distinct notch in the middle, as seen 
from below. At the sides of the epistome, in the antero-lateral angle 
of the buccal area, there is a deep and narrow notch, which serves as 
an efferent orifice. There are no longitudinal ridges on the palate. 

The basis of the antenna is movable and fills the whole space be- 
tween the small, triangular, inner suborbital lobe and the front, and 
its summit is excavated on the inner side for the reception of the suc- 
ceeding segments, which are within the orbit. 

The external maxillipeds are not crested and their inner margins 
are closely approximated ; the ischium and merus are of nearly equal 
length and are both very broad, the merus being broader than long, 
and its antero lateral angle not expanded. 

The ambulatory legs are long and the dactyli are quadrangular and 
the angles armed with spines. 

None of the segments of the male abdomen are anchylosed. 

* This figure is marked 3 on plate 14, as if it belonged with fig. A, D. spinifer^ and 
on p. ISO it is referred to under that species, but in the explanation of the folates on p. 
192, no fig. 3« is mentioned, while under D. pictua is placed, " Fig. 2® . Abdomen du 
mdle," yet there is no fig. 2^ on the plate, and 3« is the onlj abdomen there figured. 
The abdomen is not referred to in the description of D. pictua. 
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The aspect of the single species upon whi<jh this genus is founded 
is quite peculiar. The body is thick, the dorsal surface is uneven and 
the lateral mart^in is arini'd with five teeth (including the angle of the 
orbit), the last and smallest of which is on tlie postero-lateral margin. 
The fonn of the carapax, the arching of the front above the antennu- 
Iffi, and the number of teeth on the lateral margin, recall the genus 
Cnjptograj^mis^ from which, how^ever, it is widely separated by the 
form of the external maxillipeds and of tlie cpistome. In the fonn 
of the maxillipeds it is allied to Tlcterofjrapsua, The form of the 
epistome and the peculiar, deep eiferent orifice are very marked and 
distinctive characters. 

Q-lyptograpsus impressus, pp- °«v- 

Male. The dorsal surface of the carapax is uneven, with numerous, 
irregular, shallow punctures, and along the lateral borders, with small, 
tuberculose elevations. The cervical suture is indicated by a very dis- 
tinct sulcus. The median portion of the gastric region is separated 
from tlie protogastric lobes by deep sulci, which unite between these 
lobes and extend down the front as a broad and deep depression. 
The epigastric lobes are very ])rominent and their anterior margins 
are transverse and precipitous. The protogastric lobes are well indi- 
cated, and an outer lobule is separated as a small, but very distinct, 
tuberculiform elevation opposite the inner angle of the orbit. The 
epibrancliial lobes are uneven and partly separated from the meso- 
branchial by well marked, but short, depressions. The posteiior por- 
tion of the branchial region is divided by a longitudinal ridge into a 
flat inner area and a broad precipitous portion between the ridge and 
the lateral margin. The front, as seen from before, is very sinuous, 
and broken in the middle by a broad, deep, rounded sinus; its outer 
angles, as seen from above, are obtusely rounded, and the margin is 
continuous to the inner angle of the orbit, where it }»asses abiniplly 
downward beneath the ocular peduncle as a sharp ridge, leaving a dis- 
tinct notch, above which the margin begins again and is continuous 
to the acutely triangular antero-lateral tooth, which is prominent and 
directed straight forward. The second tooth of the lateral margin is 
broad and obtusely rounded and situated above the plain of the ante- 
rior tooth ; the third and the fourth are slender and acute ; the last is 
on the postero-lati'ral margin and is sinall, acutely pointed and some- 
what below the level of those just in front of it. The inferior margin 
of the orbit is straight and finely dentate. The inferior lateral re- 
gions are granulous and slightly hairy. 
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The chelipeds are short and very unequal ; in both, the nieriis is 
short, not extending beyond the margin of the carapax, and trique- 
tral, with the angles denticulate, and the carpus is small and its < niter 
surface granulous and slightly margined on the iinier edge. In the 
larger hand, the propodus is short and very stout, the outer sui'lace is 
convex and finely granulous, and the digital portion is very short, and 
its prehensile edge directed obliquely downward; the daotylus is 
straight, rather slender, and granulous like the ])ropodus; }K>th fin- 
gers are obtusely tubercular on tlie prehensile edges and have horny, 
slightly excavated tij)s. The smaller hand is slender, somewhat cylin- 
drical, the basal portion is granulous externally, and the fingers are 
very slender, with the prehensile edges minutely toothed and the tips 
as in tlie larger hand. 

The ambulatory legs are nearly naked ; the meral segments are flat 
and each is armed with a small spine on the anterior edge near the 
distal extremity; the caqri are slightly bicarinated along the anterior 
edges; the propodi are hroad. somewhat expanded in the middle, the 
anterior edges carinated like the carpi, and the posterior edges spinu- 
lous. The dactyli are slender, slightly curved, somewhat flattened, 
and the angles armed with sharj) spiimles. 

The abdomen is broadest at the base, from which it tapers to the 
last segment, which is longer than broad ami rectangular, except that 
the extremity is slightly rounded. 

Length of carapax, including lobes of frontal margin, 12-4'"'"; 
breadth of carapax, including lateral teeth, 15*0""" ; ratio, 1 : 1'21. 
Breadth between antero-lateral angles, 1 1 "o""". Length of ambula- 
tory legs, first, 19'"'" ; second, 25 ; third, 25 ; fourth, 21. 

T have seen only a single 8[>ecimen, which was collected at Acajutla, 
west coast of Central America, by F. H. Hradley. 

The appendages of the first abdominal segment in the male are 
widely separated at their bases, which are articulated to a slender 
plate arching round the intestinal canal, and converge toward their 
ti]»s, but do not meet, although they «»xtend to the middle of the sixth 
segment. Each of the organs is nearly straight and rather stout for 
two-thirds its length, and the terminal ])ortion is suddenly constricted 
on the under side and curved outward and strongly downward to the 
tip. The appendages of the second segment are small and are lodged 
in grooves at the bases of the first pair. 
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Sesarma Say. 
Sesarma reticulata Saj. 

(kypode {Sesarma) reHcukUus Say, Journal Aiaidemy Nat Sci., Philadelphia, vol. i, p. 
73, 76, pi. 4, fig. 6, 1817, and p. 442, 1818. 

Sesarma reticulata Gibbcs, Proceeding^ American Association, 3d meeting, p. 180, 
1850; Edwards, Annale?^ des Sciences natiirc^Ues, 3™p st-rie, Zoologie, tome xx. 1853, 
p. 182; Stimpson. Annals Lycomu Nat Kist., New York. vol. vil p. 66, 1850. 

This species is found at Xew Haven, Conn., inhabiting salt-marshes 
and associated with Oelasimiis pugnouc, 

Bex. Length of carapaz. Breadth of carapaz. Ratio. Breadth of fWint. 

Male. 140°»»n 17.1mm 1:1-22 9-4mm 

" 15-2 18-3 1:1-20 9-9 

" 17-2 210 1:1-22 11-4 

19-7 24-2 1:1-23 13*2 

" 22-4 27-5 1:123 150 

" 230 28-3 1:1-23 154 

Female. 19-7 246 1:1-25 13-5 

In this species, the first segment of the male abdomen projects lat- 
erally considerably beyond the second segment, and beyimd the pos- 
terior margin of the carapax, and the third segment is as wide as the 
first and its lateral margins are strongly arcuate ; at the fourth seg- 
ment, the abdomen is suddenly contracted and the remaining portion 
is quite narrow and the margins are slightly concave to the sixth seg- 
ment ; the terminal segment is scarcely more than one half as wide as, 
but considerably longer than, the sixth, much longer than broad, and 
its extremity rounded. The appendages of the first segment extend 
nearly to the extremity of the sixth segment, are articulated at their 
bases to a slender, arched plate, much as in Glt/jytoffmpsus hnpressus^ 
are triquetral, quite stout, nearly straight and wi<lely separated even 
to their tips, which are slightly flattened and hairy. The appenda- 
ges of the second segment are short and slen<ler and are lodged in 
grooves at the bases of the appendages of the first segment, 

Sesarma sulcata, sp. nov. 

Female. The carapax is quadrilateral in outline and much broader 
than long. Tlie dorsal surface is convex in both directions, but some- 
what more so longitudinally than laterally, and is clothed anteriorly 
and along the sid(js with scattered fascicles of short hairs. The pro- 
togastric lobes are divided, for half their length anteriorly, into nearly 
equal lobules by well marked sulci, and are limited next the orbits by 
deep de])ressit>us which extend to the antero-lateral angle of the cara- 
pax. The median portion of the gastric region is surrounded by a 
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broad depression and is somewhat separated from the rather broad 
mesogastric lobe, which extends forward, in the median sulcus between 
the protogastric lobes, nearly to the front. This median sulcus is 
broad and very deep, with precipitous sides and cuts through the 
whole height of the frontal crest. The branchial regions are trav- 
ersed by sharp tmnsverse plications. The front is perpendicular and 
low, and the inferior margin is broken by a broad excavation in the 
middle, where it scarcely projects beyond the epistome ; above the 
antennulw the edge projects, but toward the orbit slopes oif again. 
The antero-latenil margin is armed with two stout teeth (including 
the angle of the orbit) and with the trace of a third. The first tooth 
is acute, directed forward and situated below the level of the rest of 
the margin, the second is prominent, acute, and projects forward par- 
tially over the deep, rounded incision which separates it from the first 
tooth, and the third is cmly in<]icated by a slight emargination. 

The cbelipeds are equal and rather small ; the morus is rough ex- 
ternally, the angles are sharp and the anterior ones serrate ; the car- 
pus is very granulous externally ; and the hand is slightly compressed, 
smooth externally, and the superior margin armed with a sharp crest. 

The ambulatory legs are stout and much comj^ressed, the meral seg- 
ments are very broad, the breadth being equal to half the length, and 
rough with short transverse plications, the propodi and dactyli are 
hairy along the edges, and the dactyli arc stout, curved and acumi- 
nate. 

Length of carapax, 25*0™™; greatest breadth of carapax, 31*0'"'"; 
ratio of length to breadth, 1 : 1*24. Breadtli of carapax between 
antero-lateral angles, 29*5™"'. Breadth of front, 16-4"'"» ; height of 
front, .3-4"'»". 

The single specimen described was obtained at Corinto, west coast 
of Nicaragua, by J. A. McNeil, and is in the collection of the Pea- 
body Academy of Science. 

Sesarma cinerea Say. 

Grapgaa einereua Bosc, Hifltoire naturelle des Crust., tome i, p. 204, pL 5, fig. 1, 1802 ; 
Latreille, Hlstoire natiirelle dcs Crust et Insects, tome, vl p. 72, 1S03. 

Orap8U8 {Segarma) cinereus Saj, Journal Academy Nat Sci., Philadelphia^ vol i, p. 
442, 1818 (non Grapstu einereua Say, loc. cit, p. 99, 1817). 

Seaarma cinerea Edwards, Histoire naturelle des Crust, tome ii, p. 75, 1837; Annales 
des Sciences naturelle, 3™* s^rie, Zoologie, tome xx, 1863, p. 182 ; Gibbes, Proceed- 
ings American Assodatioii, 3d meeting, p. 180, 1860; Stimpson, Annals Lyceum 
Nat Hist, New York, vol vii, p. 65, 1859. 
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There are specimens before me collected at Egmont Key, west coast 
of Florida, by Col. E. Jewett ; at Blufllon, South Carolina, by Dr. J. 
H. Mellichamp (collection Peabody Academy of Science), and at Fort 
Monroe, Virginia, by Dr. Kneeland. 

Several specimens give the following measurements : — 



Locality. 


Spx. 


Blufflon. 


Male 


Ft Monroe. 


ii 


Blufllon. 


ii 


Ft. Monroe. 


(i 


Egmont Key. 


Fetiifl 



t( k( 



Lenipthof 
carapax. 


Breadth of 
carapax. 


BaUo. 


Breadth at 
orbital angles. 


Breadth 
of fWint. 


12-1™™ 


lasmm 


1:114 


J 3.9mm 


g.2mm 


12-8 


14-4 


1:113 


140 


8-3 


16-2 


17-4 


1:113 


170 


100 


16-4 


18-6 


1:113 


17-8 


10-8 


110 


12-8 


1:116 


12-6 


7-2 


12-8 


15-0 


1:117 


14-5 


8-7 



The abdomen of the male is broadest at the third segment, the first 
and second are much narrower and of equal length ; from the fourth 
to the sixth, the abdomen is broad and the lateral margins converge 
regularly ; the terminal segment is scarcely a third as wide, but about 
as long, as the sixth, and very little longer than broad. The appen- 
dages are similar to the appendages of S. reticulata^ but those of the 
first segment are a little shorter and much stouter. 

Sesarma occidentalis, sp. nov. 

A species closely allied to S. cinerea Say. 

Male. The carapax is quadrilateral in outline and considerably 
broader than long. The dorsal surface is flat in the middle and pos- 
teriorly, but somewhat convex in front and along the sides. The pro- 
togastric lobes are convex and divided by slight depressions anterior- 
ly, and the surface is rough with coarse, sharp granules arranged in 
very short, irregular, broken lines. The median portion of the gas- 
tric region is sparsely granulous, surrounded by a shallow sulcus, and 
the mesogastric lobe is very narrow and extends far forward in the 
well marked, median sulcus between the protogastric lobes. The 
branchial regions are traversed by indistinct transverse plications, 
and the posterior regions are punctate with indistinct, shallow puncta. 
The front is nearly perpendicular, quite high and slightly concave, the 
concave surface is irregularly and coarsely granulous, and the inferior 
margin is curved forward somewhat beyond the crest and its edge is 
nearly straight. The antero-lateral tooth is acute and projects well 
forward. The lateral margin is sharp, continuous, and nearly straight 
as seen from above. 

The chelipeds are equal, short and stout ; the anterior angle of the 
merus is sharp, dentate and raised into a thin crest at the end next 
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the carpus ; the carpus is thickly beset externally witli shaqj gnin- 
ules; the basal portion of the propodus is nliort, and the outer surface 
is evenly rounded and very granulous and the superior margin is 
armed with a sharp crest; and finally, the dactyl us is granulous on 
the upper side at base. 

The ambulatory legs are rather slender, the meral segments are 
sharj)ly granulous above, and the propodi and dactyli are clothed with 
a few short, stiif hairs along the margins. 

Two males give the following measurements : — 

Lennrthof BreadUi of Breadth at BreaiUh HclK^it 

carapaz- carapaz. Ratio. orbital auKloa. of flronL of ftout. 

]l'6iniii i3'imm 1:1'13 12'9™™ 7-Onim 2'puiu 

15-8 17-6 1:112 169 94 30 

I have seen only two spec^imens, both males, which were collected 
at Acajutla, west coast of Central America, by F. II. Bradley. 

Although olosily allied to S. cinereti^ it is very readily distinguish- 
ed from all specimens of that species which I have seen, T)y the gran- 
ulous anterior regions of the carapax, the coarsely granulous front, 
and by the crested and granulous hands. The carapax also is more 
convex anteriorly and along the branchial regions. 

The male abdomen and its appendages are almost exactly as in S, 
cinereOy except that the last segment of the abdomen is somewhat 
larger in proportion. 

Sesarma angustipes Dana. 

United States Exploring Expedition, Cnist, p. 353, pi. 22, fig. 7, 1 852 ; Stiinpson, 
Proceedings Academy Nat. Sd., PhUodelphia, 1858, p. 106; Annals Lyceum Nat. 
Hist, New York, vol vii, p. 66, 1859. 

Six specimens give the following measurements : — 



Locality. 
AspinwaU. 


Bex. 
Hale. 


Lengrth of 
carapax. 

y*7mm 


Breadth of 
carapaz. 

9.3mm 


Ratio. 
1:1-07 


Breadth at 
orbital anglGB. 

9-5mm 


Breadth 
of ft-ont. 

4 '7 mm 


(i 


li 


15-2 


16-2 


1 : 1-07 


15-3 


8-6 


Florida. 


ti 


17-0 


18-2 


1:1-07 


170 


102 


11 


it 


18-9 


20-2 


1:1-07 


18-4 


10-6 


II 


Female. 


11-2 


120 


1:1-07 


11-5 


6-8 


11 


ii 


16-6 


18*2 


1:110 


10-8 


9-5 



Sesaxma angusta, sp. nov. 

Female. The carapax is quadrate, longer than broad and depress- 
ed. The protogastric lobes are very little convex, slightly divided 
anteriorly and their surfaces beset with sharp granules. The median 
portion of the gastric region is surrounded by a well marked sulcus, 
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and the anterior portion of the meso-gastric lobe extends forward, 
almost to the line of the front, as a very narrow ridge in the deep sul- 
cus between the protogastrie lobes. Tlie median and posterior regions 
are punctate with irrt»gular, coarse punctations, and the branchial re- 
gions are slightly plicate transversely. The front is nearly perpen- 
dicular, but low and very concave, the superior crest projects almost 
as far forward as the inferior margin, and is divided into four equal 
lobules by a deep median groove and slight lateral ones, and the infe- 
rior margin is strongly reflexed, its edge siimous, as seen from above, 
with a broad and shallow sinus in the mi<ldle, and a very slight one 
each side. The antero-lateral tooth is nearly right-angular, and pro- 
jects but slightly forward. The lateral margin is straiight and entire. 

The chelipeds are equal and very small, the merus and carpus are 
sharply granulous externally, the hand is about half as long as the 
breadth of the front, slender, the inferior edge evenly rounded, and 
the superior edge more angidar and sparsely granulous, but not crest- 
ed, and the fingers are slender, nearly cylindrical, and very slightly 
toothed within. 

The ambulatory legs are very long and slender, even longer than in 
8, anguatipeSy and the meri and propodi are rough above. 

Length of carapax, from its posterior margin to superior lobes of 
the front, 14'1""" ; breadth of carapax, 13-8'"" ; ratio, 1 : 0*98. Breadth 
of carapax between antero-lateral angles, IS'G""™. Breadth of front, 
7*2; height of front, r8. Length of ambulatory legs, first, 22*0; 
second, 28*4; third, 32'0; fourth, 26*0. Length of propodus in first 
pair of ambulatory legs, 6 "6 ; second pair, 8'0; third pair, 9*0; fourth 
pair, 6 '6. 

I have seen only one specimen, a female, collected at the Pearl Isl- 
ands, Bay of Panama, by F. H. Bradley. 

It is readily distinguished from all the other described American 
species of the genus by the narrowness of the carapax, the low, per- 
pendicular and excavated front, and the great length of the ambula- 
tory legs. 

GONOPLACIDiE. 
PrionoplaJC EdwardR. 

Prionoplax oiliatus, sp. nov. 

A species similar to P. spinicarpus Edwards, Archives du Museum 
d'Histoire naturelle, Paris, tome vii, p. 167, pL 11, fig. 3. 
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Male. The earapax is very convex longitudinally, but scarcely at 
all transversely. The dorsal surface is thickly beset with small, tuber- 
ouliform granules, but the space between the granules is smooth and 
shining. The areolation is similar to that of P. 9pinicarpus ; the cer- 
vical suture is indicated by a very distinct, smooth sulcus, which is 
sharp and deep in the longitudinal portions in the middle of the eara- 
pax; the mesogastric and the metagastric lobes are united; there 
are no distinct sulci between the protogastric lobes and the hepatic 
regions ; the branchial regions are undivided and only indistinctly 
separated from the cardiac. The front is lamellar, very strongly de- 
flexed and its edge divided into two prominent, rounded lobes, which, 
when seen in a front view, project below the inferior margins of the 
orbits. The antero-lateral margin is thin and is divided by deep 
rounded sinuses into four slightly upturned lobes or teeth, of which 
the anterior, the hepatic, and the epibranchial are broad and truncate 
and tlieir truncated edges finely denticulated, while the posterior, or 
mesobranchial, is acutely pointed. The inferior lateral regions are 
granulous like the dorsal surface, and, along the lateral borders, are 
clothed with long cilia which project beyond the margins. There are 
also, some hairs along the lateral margins of the dorsal surface, but 
they are very easily removed. 

The outer surface of the external maxillipeds is minutely granulous. 

The clielipeds are stout and slightly unequal. The merus is trique- 
tral and armed with a spine on the posterior angle near the distal ex- 
tremity. The upper side of the carpus is flat, somewhat roughened, 
and armed on the middle of the inner side with a long spine. The 
hands are stout, slightly compressed laterally, and perfectly smooth ; 
the upper edge is angular, but not crested, and the fingers are com- 
pressed, deflexed, somewhat incurved, coarsely and irregularly toothed 
within, and do not gape. 

The ambulatory legs are slender and thickly hairy along the edges, 
especially on the dactyli, which are long, very slender, and cylindrical. 

The sternum is granulous like the earapax, only more minutely. 
The abdomen is smooth ; the first and third segments are very much 
wider than the second, and the penultimate is much broader than long 
and its lateral margins are deeply concave in outline. The appenda- 
ges of the first segment are long, slender, triquetral, and nearly 
straight organs reaching almost to the extremity of the abdomen. 
The appendages of the second segment are short and inconspicuous. 

I have seen only males. 

TBAX& CONNBCnOUT ACAD., VOL. II. II APBIL, 1870. 



162 S. I. Smith on American Crustaeed, 

Length of carapax, 15'^bu>^ Breadth of oarapax, 22*9™!! Batio, 1 : 1*44 
" " ** 16-5 " " " 23-9 " 1:1*47 

Collected at Panama by F. H. Bradley. 

This species is closely allied to P. apinicarpuSy and it may possibly 
prove to be identical with the species from Panama mentioned under 
that name by Stimpson, Annals Lycemn Nat. Hist, New York, voL 
vii, p. 59. Edwards states, however, that, in his species, the teeth of 
the antero-lateral margin are ^^ aplaties et aiguSs," and they are so 
figured on his plate, while in our species, all, except the posterior one, 
are broad, truncate and denticulated. The carapax in his figure is 
considerably broader, and the chelipeds seem to be much less robust, 
than in P. cUiatua, Moreover, there are no hairs or cilia indicated in 
the figure, on the carapax or the ambulatory legs, and they are not 
mentioned in the description. 

The specimens, when received, were completely covered with fer- 
ruginous mud« Their cylindrical form is well adapted for living in 
holes, and this is quite probably the habit of the species, as it is of 
Speocracinuay according to Stimpson. 

Suryplax Stimpson. 

Euryplax nitidus Stimpson. 

Annals Lyceom Nat Hist, New York, voL vii, p. 60, 1869. 

Of this species, there is a specimen, in the Museum of Yale Col- 
lege, collected at Egmont Key, west coast of Florida, and there is 
another in the collection of the Peabody Academy labeled New Or- 
leans, but probably from some part of the Gulf of Mexico. 

Both these specimens are adult males and agree perfectly with 
Stimpson^s description. The pit on the anterior sur&ce of the mems 
is exactly alike in both chelipeds and in each specimen. Hie antero- 
lateral margins converge anteriorly so that the breadth of the cara- 
pax between the anterior angles, is very much less than between the 
posterior teeth. The anterior angle is obtuse, the second tooth is tri- 
angular, but blunt, and the last is slender and acutely pointed. 

The male abdomen is broadest at the second segment, the Bides of 
which extend in narrow projections quite to the coxae of the posterior 
legs. The first segment is narrow and is only exposed in the broad 
excavation of the posterior margin of the carapax. Hie third seg- 
ment is very broad and its sides project in acute angles, over the chan- 
nel between the sixth and seventh segments of the sternum, nearly to 
the coxse of the posterior legs. From the third segment, the abdo- 



S, L Smith on Americcm Crustacea, 168 

men is narrow and ta^yers to a very narrow terminal segment, which 
18 two-thirds longer than broad, and obtuse at tip. The appendages 
of the first segment extend a little beyond the sixth segment. They 
are widely separated at base, strongly incurved till they meet a little 
way from the tips, which are again curved strongly outward. They 
are slender and taper to slender and acute tips, and the terminal third 
is shining black in color. The appendages of the second segment are 
situated within those of the first, are short, slender, straight, and 
white. 

Alcoholic specimens are pale yellowish white, and the fingers white 
at tips. 

LeDnth of Breadth of Breadth 

Locality. Bex. carapax. ear^>ax. BaUo. of front. 

Florida. Ifale. 13-4»» 220™™ 1 : 1-64 10-2™™ 

New Orleans? ** U'6 24*0 1:1*65 10-4 

Euryplax politus, 9* ^o^- 

This species is allied to the last, but wants wholly the pits on the 
meral segments of the chelipeds, and the antero-lateral margins are 
parallel instead of converging anteriorly. 

Mala The carapax is glabrous, convex longitudinally and very 
slightly transversely. The dorsal surface is not distinctly areolated, 
although the cervical suture can be traced by a slight depression. 
The front is nearly straight and has a distinct marginal groove upon 
the upper edge and is deeply notched each side at the insertion of the 
jmtennsB, as in ^. nitidua. The antero-lateral margins are parallel, 
very short, and each is armed with three acute teeth. The postero- 
lateral margin is slightly incurved. The posterior margin is slightly 
concave in the middle. 

The chelipeds are nearly equal, stout, smooth and glabrous. The 
merus b armed with a small spiniform tooth, as in M nitiduSy and 
the carpus, with a small tooth within. The hands are slightly swol- 
len, the superior margins are quite high, but smooth and rounded, 
and the fingers are slender and slightly deflexed. 

The ambulatory legs are smooth, nearly naked, and very slender. 

The abdomen is quite similar in form to that of M nitiduSy and the 
appendages are very much as in that species, but those of the first 
segment are not as strongly curved at the tips, and the terminal por- 
tion is brown instead of black. 

An alcoholic specimen is pale yellowish white, with the fingers 
brown at tip. 

Length of Breadth of Breadth 

Sex oarapaz. carapax. Ratio. of front. 

ICale. 6*9>BB> H-Smm i ; 1*S3 4*4inm 

A single specimen was collected at Panama by F. H. Bradley. 
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Tlio aspect of the single species upon which this genus is founded 
is quite peculiar. The body is thick, the dorsal surface is uneven and 
the lateral margin is armed with live teeth (including the angle of the 
orbit), the last ami sm:illest of which is on the posterolateral margin. 
Tlie fonn of the carapax, the arching of the front above the antenim- 
Iffi, and the number of teeth on the lateral margin, recall the genus 
Cryptogrfipsus^ from which, however, it is widely separated by the 
form of the external maxillipeds and of the epistome. In the fonn 
of the maxillipeds it is alli(Ml to ITeteroffrapswi, The fomi of the 
epistome and the peculiar, deep efferent orifice are very marked and 
distinctive characters. 

Q-lyptograpsTis impressus, sp. nov. 

Male. The dorsal surface of the cara])ax is uneven, witli numerous, 
irreguhir, shallow j junctures, and along the lateral borders, with small, 
tuberculose elevations. The cervical suture is indicated by a very dis- 
tinct sulcus. The median portion of the gastric region is separated 
from the protogastric lobes by deep sulci, which unite between these 
lobes and extend down the front as a broad and <leep depression. 
The epigastric lobes are very prominent and their anterior margins 
are transverse and precipitous. The ])rotogastric lobes are well indi- 
cated, and an outer lobule is separated as a small, but very distinct, 
tuberculiform elevation opposite the inner angle of the orbits The 
e])ibranchial loV>es are uneven and partly separated from the meso- 
branchial by well marked, but short, dei)ressions. Tlie posteiior por- 
tion of the branchial region is divided by a longitudinal ridge into a 
flat iinier area and a broad jirecipitous ])ortion between the ridge and 
the lateral margin. The front, as seen from before, is very sinuous, 
and broken in the miildle by a broa<l, deep, rounded sinus; its outer 
angles, as seen from above, jire obtusely rounded, and the margin is 
continuous to the inner angle of the orbit, where it passes abruptly 
downward bencatii the ocular peduncle as a sharp ridge, leaving a dis- 
tuict notch, alcove which the margin begins again and is continuous 
to the acutely trianguhir antero-lateral tooth, which is prominent and 
directed straight forward. The second tooth of the lateral margin is 
broad and ol>tuscly rounded and situated above the plain of the ante- 
rior tooth; the third and the fourth are slender and acute; the last is 
on the postero-lateral margin and is small, aciitely pointed and some- 
what below the level of those just in front of it. Tlie inferior margin 
of the orbit is straight and finely dentate. The inferior lateral re- 
gions are granulous and slightly hairy. 
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ToL yii, p. 58), it differs in the approximation of the external maxilli- 
pedfl and in the form of the earapax. 

Olyptoplax pugnax, sp. "oy. 

Male. The dorsal surface of the earapax is slightly convex longi- 
tudinally, but not at all transversely, and is thickly granulous. The 
mesogastric lobe is not distinct from the metagastric, but is well sep- 
arated from the protogastrie, and its anterior portion is narrow and 
extends well forward. The protogastrie lobes are prominent and un- 
divided, and are not distinctly separated from the epigastric, which 
are very slight elevations separated by a marked median sulcus. The 
hepatic region is prominent, undivided, and separated from the gastric 
and branchial regions by deep sulci The mesobranchial and meta- 
branchial lobes are separated by a very slight sulcus, and the anterior 
portion of the branchial region is divided into three lobules, — one at 
the base of the epibranchial tooth, a larger one just within this, and 
a small, indistinct one next the gastro-cardiac sulcus. The front is 
thin and horizontal, its edge is slightly convex, as seen from above, 
and divided by a very slight notch in the middle. At each side of 
the front, there is a deep antennal notch, above which, the inner angle 
of the superior orbital border projects as a prominent tooth. The 
superior margin of the orbit is divided by two deep notches. The 
antero-lateral margins are arcuate. The outer angle of the orbit pro- 
jects only slightly beyond the second tooth and is separated from it 
by a slight sinus. The remaining portion of the margin is divided 
into three, prominent, triangular teeth, of which the middle one, or 
epibranchial, is most prominent. 

The ocular peduncles are armed with a granulous tubercle on the 
anterior side near the cornea. 

The chelipeds are slightly unequal and the hands are very large. 
The merus does not project beyond the lateral margin of the earapax. 
The carpus is short and the outer surface is granulous, has a slight 
groove along the margin next the propodus, a tooth upon the inner 
margin, and a small tubercle near the articulation of the propodus. 
The hand is compressed, very broad, and nearly smooth. The basal 
portion of the propodus is slightly convex on both sides, the lower 
edge is rounded, and the upper edge is slightly crested ; the digital 
portion is very broad at base and very much deflexed, so that the pre- 
hensile edge is parallel with the margin at the base of the dactylus, 
the inferior edge is slightly margined on the outside, and the tip is 
slender and upturned. The dactylus is long and slender, the upper 
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edge is slightly crested and the tip is hooked by the tip of the pro- 
podus. The prehensile edges of both fingers are sharp, very slightly 
dentate, and do not gape, or only very slightly. 

The ambulatory legs are slender and minutely granulous ; the pro- 
.podi are slightly hairy on the posterior edges; and the dactyli are 
slender, slightly compressed, those of the posterior pair conmderably 
shorter than the others, and all clothed with very short hair. 

The sternum is minutely granulous. The terminal segment of the 
abdomen is about as broad as long, and the extremity is obtusely 
rounded. The appendages of the first abdominal segment are long, 
slender, nearly straight, and reach to the terminal segment The 
appendages of the second segment are short and very smalL 

The females differ from the males in being more convex and in the 
front being less prominent and very slightly deflexed. The young 
males approach the females in these characters. 

The fingers are black in both sexes. 

No. 8«x. Lencthofcanpax. Breadth of lutrapaz. Ratio. Breadth of front. 

1. Male. 4-8nim 6*4^^ 1:1-33 2-6nim 

2. " 6-7 7-8 1:1-37 28 

3. " 60 8-3 1 : 1-36 3-0 

4. ** 6-8 9-4 1:]'38 85 
6. " 7-7 11-0 1:1-43 3*7 

6. *• 8-6 121 1:1-41 41 

7. female. 4-4 61 1:1-39 2-3 

8. " 4-8 6-7 1:1-40 2 6 

9. " 6-1 7-2 1 1 1-41 2-7 

The chelipeds of numbers 2, 4, 6, and 9, give the following mea- 
surements: — 

Length of hand. Breadth of hand. Length of daetjlna. 

No. Bight. Left. Bight. Left. Bight. Left. 

2, Q-7mm Q-2nim 4>7mm S'gmm 5>xmm 4'$mm 

4. 7-2 8-4 4-2 6-0 6*3 6-0 

6. 10-2 11-0 6-8 6-2 8*0 84 

9. 6 61 2-6 3-0 3-1 3*2 

Collected at Panama by F. H. Bradley. 

Family, Pinnothsridjb. 
Pinnotheres Latreiiie. 
Pinnotheres margarita Smith. 

L. Yerrill, Amerioan Naturalist, toL iii, p. 246, Julj, 1869. 

This is a stout, thick species, with a firm integument, and every 
^here covered, except the dactylus of the right ambulatory leg of the 
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second pair in the female, and the tips of the others in both sexes^ 
with a very short and close, clay-colored pubescence, looking much 
like a uniform coating of mud. 

Female. The carapax is very strongly convex in all directions 
and the dorsal surface, beneath the pubescence, is smooth and shining. 
The cardiac region is protuberant and is separated from the gastric 
region by a conspicuous sulcus, and from the branchial regions, by 
very marked and deep depressions, which extend along the cervical 
suture to the hepatic region. The branchial regions are protuberant 
along their inner sides. The front is not protuberant, is strongly 
deflexed, and has a slight median depression. 

The external maxillipeds are more longitudinal and of a firmer con- 
sistency than is usual in the genus. The merus is short and broad, 
and the inner margin is angulated in the middle, the portion toward 
the base fitting the anterior margin of the sternum and the distal por- 
tion being slightly concave and fitting closely the terminal segments of 
the palpus. The second segment of the palpus is large, broadest in 
the middle at the attachment of the terminal segment, and the outer 
surface is flattened. The terminal segment is slightly spatulate in 
form and reaches almost to the tip of the second segment. 

The chelipeds are equal and very stout and the hands are long and 
nearly cylindricaL The fingers are somewhat cylindrical, nearly 
straight almost to the tips, which are hooked by one another, and the 
prehensile edge of the dactylus is armed, near the base, with a small 
tooth, which fits a slight excavation in the propodal finger. 

The ambulatory legs are stout and all the ischial segments, and the 
posterior margins of the propodi and dactyli in the last pair, are 
clothed with a long, woolly pubescence. The dactyli in the three 
anterior pairs are short, curved, and pubescent nearly to the tips, 
except in the right leg of the second pair, where the propodus is con- 
siderably longer than in the corresponding leg on the other side, and 
the dactylus very long, almost straight, and entirely naked. In the 
posterior legs, the dactyli are long, straight, slender, and pubescent. 

The anterior margin of the sternum is excavated into a broad, 
rounded sinus for the reception of the tips of the palpi of the exter- 
nal maxillipeds. 

The abdomen is orbicular and completely covers the sternum. 

Male. The only male which I have seen is much smaller than the 
females, and is not so thickly pubescent. The cardiac and branchial 
regions are less protuberant and are separated from the gastric by a 
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Blight depression only. The front projects slightly and is not so much 
deflezed as in the female. 

The chelipeds and ambulatory legs are like those of the female, 
except that the ambulatory legs of the right side are like those of the 
left. 

The abdomen is broadest at the third segment, from the third to 
the sixth, the margins are straight and converging, the sixth is 
abruptly contracted, and the terminal segment is nearly square. The 
appendages of the first segment are rather stout organs, somewhat 
hairy along the margins, and reach to the terminal segment. Tliey 
curve inward for about two-thirds of their length and then outward 
again to the tips. The appendages of the second segment are short 
and are lodged in grooves at the bases of the first pair of appendages. 



Locality. 


Sex. 


Length of carapftz. 


fteadth of earapax. 


BaUo. 


Pearl Islands. 


Male. 




6 5°^ 


6'Xmm 


1:111 


La Paz. 


Female. 


8-1 


8-9 


1: 110 


Pearl Islands. 


»• 




8*8 


9-7 


1:110 
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100 


110 


1:110 
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1: 111 
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10-9 


120 


1: 110 


It 


It 




11-8 


13-4 


1:1-14 



This species was found living in the Pearl Oyster (Margarito- 
phorafimhriata Dunker), at the Pearl Islands, Bay of Panama, by F. 
H. Bradley. It has also been sent from La Paz, Lower California, by 
Capt. J. Pedersen. 

A sterile female Pinnotheres^ found in an alcoholic specimen of the 
Pearl Oyster collected at the Pearl Islands by Mr. Bradley, probably 
belongs to this species. It agrees closely with specimens of P, mca^ 
garita^ described above, in the form of the external maxilli)»eds and 
the firm integument. 

The carapax is more like the male than the ordinary female, but is 
narrower and more depressed. The front is more prominent and 
scarcely at all defiexed. The dorsal surface is very slightly areola- 
ted, quite flat, and is clothed, except the cardiac region and a small 
space in the middle of the gastric, with a very dark, almost black, 
velvety pubescence. 

A single cheliped is stouter in proportion than in the ordinary male 
and female, and the pubescence upon the upper surface of the carpus 
and a small space at the base of the hand, is black as on the dorsal 
surface of the carapax. 

The ambulatory legs are less pubescent than in the male, while the 
propodus and dactylus of the right leg of the second pair are longer 



8. 1. Smith on American Crustacea. 160 

than in the corresponding leg of the left side, but are not as long as 
in the female. 

The abdomen is not broader than in the male, but the margins are 
slightly convex, it is not contracted at the sixth segment, and the 
extremity is rounded. 

Length of cnrapaz, 6'l°un; breadth of carapax, 5*3™™; ratio, 1 : 1*04. 

Pinnotheres Lithodomi, sp- noy. 

Female. The carapax, in the single specimen examined, is much 
crushed out of shape, but the dorsal surface is smooth and naked. 

The merus of the external maxilliped is broadest at the distal 
extremity, and both margins are nearly straight. 

The chelipeds are equal, smooth, and naked. The hands are cylin- 
drical, and the fingers are short, nearly straight, the tips are slightly 
hooked by each other, and the prehensile edge of the dactylus is 
armed, near the base, with a small tooth, which fits a slight excava- 
tion in the propodal finger. 

The ambulatory legs are very slender and wholly naked, except 
the dactyli. In the first pair, the dactyli are very short and only 
slightly curved ; in the second, they are considerably longer than in 
the first, and nearly straight ; in the third, they are very long, being 
nearly as long as the propodi, slender, and slightly curved ; and in 
the posterior pair, they are about as long as in the second and are 
ciliated along the posterior edges. 

Breadth of carapax, about, 4'"". 

The only specimen seen, was found in a specimen of IMkodomua 
aristcUus Forbes and Hanley which was in its excavation in the shell 
of a Spondylus collected at the Pearl Islands by F, 11. Bradley. 
Although the specimen is very small, it has a large number of 
eggs beneath the abdomen. 

OstraCOthereS Edwards. 

Ostracotheres politus, ap. nov. 

Female. The carapax is depressed, naked, smooth, and shining. 
The dorsal surface is fiat and the borders are smoothly rounded. 
There is a short median sulcus on the front, and a very sliglit U-shaped 
one extending from the orbits to the middle of the carapax. The 
front does not project beyond the anterior margins. 

The external maxillipeds are smooth and almost entirely naked, and, 
in form, are considerably like the figure of 0, affinis given by Edwards 
(Annales des Sciences naturelles, d"'"" s^rie, Zoologie, tome xx, 1853, 
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pL 11, fig. 11), but the merus is wider at the distal end and the outer 
margin is not so arcuate. 

The chelipeds are equal and all the segments are rounded, smooth, 
and glabrous. The hands are small and much compressed. The fin- 
gers are shorter than the basal portion of the propodus, do not gape, 
and the dactylus is slightly curved and is armed, near the base, with 
a small tooth, which fits a slight excavation in the propodal finger. 

The ambulatory legs are short, slender, cylindrical, and smooth. 
Those of the first pair are shorter than those of the second, and the 
dactyli, in both the first and second pairs, are very short and curved, 
and close against the expanded end of the propodus, which is clothed 
at that point with a little tuft of short, stiff hair. Those of the third 
pair are about the length of those of the second pair, and the dactyli are 
short and curved, but the distal ends of the propodi are not expanded 
fpr their reception. The posterior legs are shorter than those of the 
second or third pair, are much more slender than any of the others, 
and the dactyli are only slightly curved and are very long and slen- 
der, their length being about equal to that of the propodi. 

The abdomen is very broad and covers the whole sternum. 

Length of carapax, 6'4°unj breadth of carapaz, 7*3°^; ratio, 1 : 1'35 
ii t( u g.3 4« li « g.3 K 1 . j^.32 

It u a g.4 u .1 «. 8-5 II 1 . 1-33 

Collected at Callao, Peru, by F. H. Bradley. 

The integument is quite thin and yielding, and the species undoubt- 
edly lives protected within some bivalve moUusk (probably Mytilus 
algo8U9 Gould). It appears to differ remarkably from the other species 
of the genus in the depressed carapax and naked ambulatory legs, 
and I refer it to Edwards' genus with some doubt, although it agrees 
in the two-jointed palpus of the external maxillipeds. 

The other described species of Ostracotheres are: — 0. Savignyi 
Edwards {Pinnotherts veterum Savigny), from the Red Sea ; 0. 7W- 
dacnoB Edwards (Ruppell), also from the Red Sea; and O. affinia 
Edwards, from the Isle of France. 

Pinnazodes Heiier. 
Pinnazodes Chilensis Smith. 

Pinnotheres ChUenns Edwards. Histoire natureUe des Orast, tome ii, p. S3, ISST ; 

Edwards et Lucas, Voyage de d'Orbigny dans TAm^rique mdridionale, Crust, p. 

23, pi 10, fig. 2, 1848. 
FaHria ChUenna Dana^ United States Exploring Expedition, Crust., p. 383, 1862. 
Pinnaxodes hirtipea Heller, Reise der osterreichischen Fregatte Novara um die Erde, 

p. 68, pL 6, fig. 2, 1866. 
FifMoxodes ChUenaia Smith, in Yerrill, American Natoraliat, yoI. iii, p. 246, 1869. 
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The parasitic habits of this species have been fhlly described by 
Prof. VerrilL* It inhabits BluryechiniM imbeciliis Yerrill, living in a 
sac formed by the distention of the intestine near the anal orifice. 
The females, after they have arrived at any considerable size, must 
remain permanently within the same echinns, since the anal orifice is 
much smaller than the body of the crab. 

I have examined quite a number of individuals obtained from spe- 
cimens of the JEluryeckinue collected by Mr. Bradley at Paita and 
Callao, Peru, and by Prof. James Orton at Paita, and have little 
doubt that the species figured by Edwards and Lucas and by Heller 
are identical, although the figures given by these authors are quite 
different. The specimens before me agree very well with the figure 
in the work of Edwards and Lucas, except that the outer margin of 
the carpus of the external maxillipeds is not quite so much curved 
toward the distal extremity as in the figure. On account of tlie soft 
and yielding nature of the carapax, many of the specimens do not 
show distinctly the sulci in the dorsal surface. The figure given by 
Heller seems to have been drawn from such a specimen, for no sulci 
are represented, llie carpus in the figure of the external maxilliped 
in Heller's work, is quite different from Edwards' and Lucas' figure ; 
but the figure of the latter authors represents the whole maxilliped 
removed from the rest of the animal, while Heller's figure represents 
only the exposed portion, and was evidently drawn from the maxilli- 
ped while in place, and, if the carpus were seen in a slightly oblique 
position, it would account for its narrower form in his figure. The 
dactyli of the ambulatory legs, as represented in Heller's figure, are 
somewhat longer than in our specimens. 

The peculiar habit is also a confirmation of the identity of the spe- 
cies. Heller's specimens were from Ecuador, and he says of them : — 
" Diese in zwei weiblichen Examplaren vorliegende Art soil nach Dr. 
Scherzer in einer Echinus-Art vorkommen." Neither Edwards nor 
Edwards and Lucas give anything in regard to the habits of the spe- 
cies, but merely state that it was found at Valparaiso. Dana, how- 
ever, mentions it as " from an Echinus on the coast of Chili, near Val- 
paraiso." 

A single specimen of a male, which evidently belongs to this spe- 
cies, was found upon the outside of an echinus which contained within 
it a female. This male is very small, the carapax is rather narrower 



♦ These TranBactiona, vol i, p. 306, American Jouraal of Science, 2d series, vol xliv, 
p. 126, 1867, and American Naturalist, voL iii, p. 245, 1869. 



172 8, I. Smith on American Crustacea, 

than in the female, the chelipeds are stouter in proportion, and the 
ambulatory legs are somewhat less hairy. The carapax is of the 
same weak consistency, and the external maxillipeds of the same 
form, as in the female. The abdomen is quite narrow and all the seg- 
ments are distinct. The margins are very straight to the sixth seg- 
ment, which is slightly contracted, and the extremity is broadly 
rounded. 

A number of specimens give the following measurements, which are 
only approximately correct, on account of the soft and flexible nature 
of the carapax. 



Locality. 


Sex. 


Lengib of earapftz. 


Breadth of carapax. 


BaUo. 


Callao. 


Male. 


2'6iiun 


2 •5mm 


1 : 0-96 


Paita. 


Female. 


7-2 


7-8 


1 : 108 


Callao. 


it 


90 


9 2 


1 : 102 


Paita. 


(i 


12-2 


12-7 


1 : 1-04 



Tlie genus Pinnaxodea is quite distinct from the typical species of 
Fahia Dana, in the form of the external maxillipeds, which are nearly 
longitudinal and much as in Pinnixfi^ with which, in fact, Heller com- 
pares them, while in Fabia subquadrata^ they are oblique and resem- 
ble those of Pinnotheres. The carapax also is quite different in form, 
and in Fabia^ the sulci which extend back from the orbits are very 
deep and there is no median sulcus on the front, while in Pinnaxodes^ 
the sulci from the orbits are very slight, not more distinct than the 
median. 

Family, Dis8odactylid.«. 

This family, which is here established for the following genus, 
appears to be most nearly allied to the Pinnotherid<Xy but differs from 
that family, and in fact from all other Ocypodoidea, in the structure 
of the palate, or endostome, which is not divided by a median ridge 
separathig the efferent passages. 

Dissodactylus,* gen. nov. 

The carapax is depressed, the dorsal surface is smooth and not areo- 
lated, and the front is narrow and horizontal. 

The eyes are very minute, being much smaller even than in the 
Pinnot/ieridcB, 

The epistome is very short, so that the labial border approaches 
very near to the front, leaving only a narrow space which is nearly 
filled by the antenuulse. The labial border is regularly concave, as 
seen in a front view, is not interrupted in the middle by any projec- 

* A«T(Tdf, duplex; ddxrvAof, digitus. 
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tion or emargination, and is continuous with the lateral margin of the 
buccal area, which is broad behind as in the Pinnotheridae, The pal- 
ate is not divided longitudinally either by lateral ridges or even by a 
median one, so that the efferent passages are not distinctly separated 
at their external orifices. 

In the external maxillipeds, the ischium is coalescent with the 
merus as in the PinnotheridcBy and the palpus is composed of only 
two segments, of which the terminal one is large and spatulate. 

The chelipeds are small and equal and the hands short and rounded. 

The ambulatory legs are small and slender and the dactyli in the 
three anterior pairs are short and deeply bifurcate, while those of the 
posterior pair are simple and slender. 

In the male, the sternum is flat and very broad, the breadth between 
the posterior legs being much more than twice as great as the breadth 
of the basal segments of the abdomen. 

The male abdomen is narrow and only three-jointed, the first and 
second segments anchylosing into one piece, the third, fourth, fifth, 
and sixth into another, and the terminal being free. The verges are 
sternal and the appendages of the first segment are large and stout, 
while those of the second segment are very small 

Dissodactylus nitidus, sp. nov. 

Male. The carapax is broad posteriorly, the breadth at the poste- 
rior margin being but little less than that between the lateral angles, 
and the postero-lateral margins are about as long as the antero-lateral. 
The dorsal surface is naked and polished, and is slightly convex in 
front and along the lateral margins, but flat in the middle and poste- 
riorly. The antero-lateral border is slightly arcuate and is armed 
with an upturned margin which curves suddenly inward at the lateral 
angle, and extends a third of the way to the middle of the carapax. 
The postero-lateral border is nearly straight and is armed with a slight 
upturned margin. 

The merus in the external maxillipeds is of about equal width at 
base and summit, the inner and outer margins are nearly straight, and 
the angles at the summit are rounded. The segments of the palpus 
are quite long, and, when folded down, the tip reaches to the anterior 
margin of the sternum ; the terminal segment is spatulate and its dis- 
tal end quite broad and squarely truncated. 

In the chelipeds, the merus extends but little beyond the margin of 
the carapax ; the carpus is short, smooth, and unarmed ; the hands 
are smooth, rounded, somewhat swollen, and the fingers are slender, 
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acutely pointed, slightly deflexed, and the prehensile edges minutely 
dentate. There is a small tufl of dense pubescence on the inferior 
edge of the propodal finger near the base. 

The ambulatory legs are slightly hairy along the edges, and the 
meri, carpi, and propodi are somewhat compressed. In the first, sec- 
ond, and third pairs, the dactyl! are smooth, naked, and divided half- 
way to the base; the divisions are cylindrical, acutely pointed, 
slightly curved, and the anterior one of each leg somewhat longer 
than the other. In the posterior pair, the dactyli are nearly straight, 
slightly compressed, sulcate above and below, and naked. 

The first and second segments of the abdomen are narrower than 
the third and are completely anchylosed, but the suture which sepa- 
rates them is slightly shown for a little space in the middle and each 
side. The succeeding piece, composed of the third, fourth, fifth, and 
sixth normal segments, is slightly expanded at base, considerably con- 
tracted at the distal end, and does not show the slightest trace of any 
sutures. The terminal s^^ent is small and forms a nearly equilate- 
ral triangle. 

The appendages of the first segment reach almost to the terminal 
segment, they are straight for the basal two-thirds, and the terminal 
portion is turned sharply outward at an obtuse angla The basal por- 
tion is hairy along the outer edge, and the terminal portion, on both 
edges. 

The color, in alcohol, is dirty white, the carapax marked with irreg- 
ular, transverse bands of purplish brown, and the divisions of the 
dactyli in the first and third pairs of ambulatory legs tipped with 
dark brown. ^ 

Length of carapax, 4'7°*"; breadth of carapax, 6'1"°»; ratio of 
length to breadth, 1 : 1 -08. 

Collected at Panama by F. H. Bradley. 

Unfortunately only a single specimen was sent home by Mr. Brad- 
ley, and on this account, as weU as from the minuteness of the species, 
the description is not so complete as might be wished. Although so 
small, the integument is firm and indurated, and the sexual organs aie 
fully developed, so that it is evidently an adult. The structure of the 
endostome shows a very remarkable approach to the Oxystomata. 
The efferent canals do not, however, issue in a deep and narrow median 
opening as in that group, but seem to be spread out over the whole, 
broad, concave surface of the endostome, while the external maxilli- 
peds retain the form peculiar to the PinnotheridsB. The form of the 
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carapax, the minute eyes, the peculiar, Ostracotheres-like, external 
maxillipeds, the broad male sternum with the verges arising from it, 
and the narrow male abdomen, show close affinity with the Pinnothe- 
ridse, but the union of so many segments of the male abdomen sepa- 
rates it again from that family. 



EXPLANATION OF PLATEa 

Plate II. 

All the figures are natural sizoi ezoept S, 11, and 11*, and all are copied !h>m photo- 
gnq^ihii, ezoept 6* . 

Figure 1. — Odanmua pugnaz. Carapaz of a male, fh)m New Haven. 

Figure 2. — O. rapax. Anterior portion of the carapaz of the male, aeen partly in a 
front view and enlarged two diameters. 

Figure 3. — G. mordaoa. Carapaz of a male, fh)m ParA. 

Figure 4. — G. nUnax, Carapaz of a male, tnm New Haven. 

Figure 6. — G. armaku. Carapaz of the male, fWnn the Gulf of Fonseca. 

Figure 6 — G. Keierop/UhaJmua. 6, carapaz of a male, from the Gulf of Fonseca. 6*, 
terminal portion of the ocular peduncle, on the side of the larger ch^ped, with its 
stylet, seen in a front view. 

Figure 7. — G. hderopkurua, Carapaz of a male, from the Gulf of Fonseca. 

Figure 8. — O. prineq>8. Carapaz of a female, from Corinta 

figure 9. — G, omaitu, 9, carapaz of the female. 9*, facial region of the same 
specimen. 

Rgure 10. — G, princqa. Carapaz of a male, from Corinta 

Figure 11. — G. gibiboaus. 11, carapaz of the male, enlarged two diameters. 11*, out- 
line of the front of the same specimen, enlarged two diameters. 

PlatiIU. 

All the figures are natural size, and all from photographs, ezcept 4' , 5, and 6l> . 

Figure 1. — G^aHmua JteteropJUhaimua. 1, outer surface of the hand of the larger cheli- 
ped. 1* , inner surface of the hand of another specimen. 1^ , anterior surface of 
the merus of the same cheliped as figure 1. 

Figure 2. — G. heterqpUunta, 2, outer surface of the hand of the larger cheliped. 2* , 
inner surface of the hand of another specimen. 2^ , anterior surface of the merus 
of same cheliped as figure 2* . 

Figure 3. — G. prinetpB. 3, outer surface of the hand of the larger cheliped. 3<^ , ba- 
sal portion of the inner sur&oe of the hand of another specimen. 3^ , anterior sur- 
&ce of the merus of the same cheliped as figure 3* . 3^^^, eztemal mazilliped. 

Figure 4.— G, armahu, 4, outer surface of the hand of the larger cheliped. 4* , 
anterior surface of the merus of the same cheliped. 4^ , 4<^ , 4<^ , ambulatory legs 
of the posterior, of the third, and of the second pair in the same specimen. 

Figure 6. — G. omatus. 6, outer surface of the hand of the female. 6* , 5^ , 6^ , ambu- 
latory legs of the posterior, of the third, and of the second pair in the same specimen. 
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Plate rv. 
All the figures are natural size, and all fVom photographs, except 2', 6^, 7a, 8*, and 9 

figure 1. — Gdasimua mituix. 1, inner surface of the hand of tlie larger cheliped of a 

male, f^om Blufflon, S. C. 1* , anterior surface of the merus of the same cheliped. 

1^ , outer surface of the hand of the larger cheliped of a male, fh>m New Haven, 

(from the same specimen as figure 4 on plate II). 
Figure 2. — G, puffnax. 2, inner surface of the hand of the larger cheliped of a male. 

2^ and 2^ , outer surface of the hand of the larger cheliped in two males. 2<^ , ante- 

rior surface of the merus of the larger cheliped of a male. 2^ , abdomen of a male. 

All the specimens from New Haren. 
Figure 3. — G. rapax. Inner surface of the hand of the larger cheliped of the male. 
Figure 4. — G. mordaz. 4, inner surface of the hand of the larger cheliped of a male. 

4* , outer surface of the hand of the larger cheliped of a young male. Both speci- 
mens from Pari 
Figure 5. — G. Panametuia. 6, inner surface of the hand of the larger cheliped of a 

male, from Panama. 5* , anterior surface of the merus of the same specimen. 
Figure 6. — G. aubcyiindrieua. 6, outer surface of the hand of the larger cheliped of a 

male, from Matamoras. 6* , inner surface of the basal portion of the same hand. 

6^ , abdomen of the same specimen, 
figure 7. — G. pugiUUor. 7, outer surface of the hand of the larger cheliped of a male. 

7* , abdomen of a male. Both specimens from New Haven. 
Figure 8. — G. gibbostu, 8, outer surface of the hand of the larger cheliped of the male 

from the Gulf of Fonseca. 8* , abdomen of the same specimen. 
Figure 9. — G. princepa. Abdomen of a male from Oorinto. 

Plate V. 

All the figures are natural size, figures 1 , 1^ 2, and 2* are copied from photographa, 
all the others from drawings. 

Figure 1. — Opiathocera Giknanii, 1, dorsal view of the whole animal. I*, tadal 
region. 1^, abdomen. 1<^, one of the first pair of abdominal appendages. 1^, 
one of the second pair of abdominal appendages. All the fig^ures Anom the male 
collected at the Isle of Pines. 

Figure 2. — Epikhocera armtUa. 2, facial region of one of the female specimens in the 
collection of the Boston Society of Natural History. 2* , outlme of the antero-late- 
ral margin of the carapaz of the same specimen. 2^ , external maxilfiped. 

Figure 3. — Cardummha guanhwni. 3, one of the appendages of the first segment of 
the abdomen of a male, from the Florida Keys. 3* , side view of the same. 

Figure 4. — Cardioaoma qtMdratum. 4, one of the appendages of the first segment of 
the abdomen of a male, from Pemambuco, Brazil 4* , side view of the same. 

Figpire 5. — Cardioaoma craaaum. 6, one of the appendages of the first segment of 
the abdomen of a male, fh>m the Gulf of Fonseca. 6* , side view of the same. 



rV. — On some alleged specimens of Indian Onomatopoeia. 

By J. Hammond Trumbull. 



Professor D. Wilson, in *'*' l^ehUtoric Man^^ (2d ed., p. 63), has 
remarked, that '* primitives originating directly from the observation 
" of natural sounds are not uncommon among the native root-words 
" of the New World." In proof of this, or as " specimens of Indian 
onomatopcBia," he has given twenty-six names of animals, which he 
had " noted down chiefly from the lips of Indians speaking the closely 
allied Chippewa, Odahwa and Mississaga dialects of the Algonquin 
tongua" 

Such evidence, introduced on so respectable authority, is of suffi- 
cient importance to invite scrutiny. Its importance was evidently 
not underrated by Prof. Wilson himself, for he tells us that, in '* the 
" names of animals clearly traceable to imitation," — " this nearest ap- 
" proximatiou to verbal creation," — is to be found that which " car- 
" ries us back to the very foundation of language, and helps to solve 
" one of the profoundest problems in ])hilology." {lb,, p. 66). 

The position that onomatopoeic primitives are 7iot unco)nmon in 
North American languages, will be generally conceded, — even by 
" those who share Prof. Wilson's conviction that " the onomatopa?ic 
" theory will neither account for the origin of language, nor supply a 
" complete series of roots /or any portion of the vocabulary.^'* (p. 66). 
So far, then, as these selected specimens serve to establish that posi- 
tion, it matters little whether they are well or ill chosen. J3ut so ser- 
viceable a collection is not likely to escape the notice of those who 
maintain, with more zeal and less discretion than the author of Prer 
historic Man, the universality of the imitative principle in language. 
Several of Prof Wilson's examples have already been approjmated 
by a well-known writer (the Rev. F. W. Farrar, in his Chapters on 
Language, pp. 24, 26,) to sustain the position, that, in the vocabulary 
of almost every savage nation, ^^ almost every name for an animal is 
a striking and obvious onohiatopceia,^^* To this sweeping generali- 
zation, I shall have a word or two to say, presently. First, however, 
I propose to examine some of Prof. Wilson's specimens^ for the pur- 



♦ This assertion is quoted by Mr. Wedgwood in his vohime '' On the Origin of 
Language," (p. 29). 
Teans. CoNKBcncuT Acad., Vol. IL 12 July, 1870. 
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pose of estimating the waluc of the whole collection, as evidence of 
the predominance of the onomatopoeic element in the vocabulary of 
the North American languages. 

Tliesc languages, it must be premised, have — even in their principal 
dialects — been so superficially studied and are so imperfectly known, 
that it is not always possible to trace derivatives to primitives, even 
when the fact of derivation is obvious, — or to prove the necrative 
against every assumed onomatopoeia, by exhibiting the true etymol- 
ogy. Of some of the names under consideration, I can say no more 
than that their onomatopoeic origin is uoty primd ft tcie^ apparent, and 
that they are quite as likel}/ to be proved holophrnstic or descriptive, 
as mimetic. Of others, I can more positively affinn that tliey hai-e 
not the least claim to inclusion >vith specimens of onomatopoeia. 

Take first, the name ^^koo-koosh, the sow." Tliis is specially no- 
ticed by Dr. Wilson (p. 62) as " purely onomatopoeic." It is, in fact, 
one of a considerable group of derivatives from a well-defined Algon- 
kin root. When the hog was introduced by European colonists, the 
Algonkin tribes of the Atlantic coast adopted its English name, — 
modified by the characteristic affixes of the Indian animate-nouns. 
In Eliot's translation of the Bible in the language of Massachusetts, 
' swine ' is rendered by pigs for the singular, pigs-og for the plural 
Roger Williams, in the Narragansett, wTOte, sing, hogs^ Riid pigs; 
pi. hSgs-uck^ pigs-uck ; Rasles, for the Abnaki, pVcess^ pL piks-ak. 
Sometimes, however, the Indians transferred to this (as to other newly 
introduced species) the name of some animal previously known, 
which the new-comer was thought most nearly to resemble, or they 
compounded a new name which denoted such a resemblance. The 
Narragansetts occasionally called swine by the name of the Wood- 
chuck or Ground Hog, Ockqutchaun^ — which R. Williams describes 
as " about the bigness of a pig and rooting like a pig.^^ {Indian Key^ 
ch. xvil) This name signifies 'burrower' or * digger.' Similarly, 
the Shyennes — an off-shoot of the Algonkin stock — call the pig, the 
* sharp-nosed dog ' {e hfi si si o tum)^ and the domestic cat *the short- 
nosed dog' {ka eAo turn). 

Koo-koosh is a Chippew^a form of a descriptive name which was 
perhaps first used by the Delawares or Nanticokes. It is found (as 
kwskus) in the vocabulary of New Sweden compiled by Campanius 
before 1696. The root, k6 or koo^ has its place in nearly aU Algon- 
kin languages. It signifies 'sharp-pointed.' Hence, in the Massa- 
chusetts as written by Eliot, kd-us^ * a thorn, or briar ;' kd-uhquodt^ 
'an arrow' [lit. 'sharp-tipped,* or 'sharp at the end,' J and kdioa 
(Narr. c6 wow ; Del cu i^e), ' a pine tree,' named, as in other Ian- 
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guages, from its pin-like leaves. Hence too, the Algonkin name of 
the only native animal which has a pin-like or bristly covering, — the 
porcupine, [Abn. ka?inis^ * thorn,' 'spine;' kafmak\ a porcupine's 
skin, lit. 'pin skin;' Cree, katck'wd^ porcupine; C]iii>powa, hmyk ; 
Blackfoot, kai akaJ] In nearly all dialects, the affix '*sh (slnnigly aspi- 
rated) denotes aversion or depreciation. For example, in tlie Chip- 
pewa, chimaun means 'a canoe;' chimawtls/t^ ^abad or worthless 
canoe;' Araw^X", * a porcupine,' and kaugk-dah [gag-oah^ Baraga,] 'a 
bad porcupine.' This name is etymologically identical with *'koo 
kooah^ a hog, — and the latter, so far from being a true speciniun of 
onomatopceia, is seen to be built up, from its monosyllabic primitive, 
to describe " a bad animal with a bristly (or, pin-like) skin/' 

Only one other name of a quadruped appears in Dr. Wilson's list : 
" Pe-zhew or Bi-zhew^ the Lynx or Wild Cat." Tlie Indians of Mas- 
sachusetts called the domestic Cat poopohs* and Dr. Pickeringf 
thought that this name might have been ''formed from the English 
po<yr pusa^ But Roger Williams gives pussdugh as the Narragansett 
name of the Wild Cat, and Rasles's Abnaki Dictionary has 2>^^ouis 
for ' Chat,' — which, again, Dr. Pickering thought might be a corruj)- 
tion of " the familiar English jntss or puaayy Without accepting tliis 
derivation, it seems plain enough, at least, that the Xarr. pussOugh 
and Abnaki pesotiis are equivalents of the modem Chippewa pe shoe 
ovpe zhetOy 'the Wild Cat,' and of the Menomenee 7>ay s/iag ew. The 
Chippewa name of the Panther is mis'ai-pe zhew^ ' great pezheic ' or 
* great Cat.' It is not impossible, certainly, — but it is hardly proba- 
ble, that a name which appears in so many forms and which has been 
given to the domestic Cat, to the Lynx, and to the Panther, origina- 
ted by imitation of the cry of one or another of these animals. 
Those who maintain the universality of onomatopa'ia, arc entitled to 
the benefit of the doubt 

Of the twenty-six specimens presented, nineteen (or nearly three- 
fourths) are names of birds. Four or five of tliese are aj^parently 
mimetic ; six or seven are possibly so ; and nearly all the rest are 
demonstrably derivative, and independently significant. As might 
have been anticipated, the names of Owls and of the Crow are among 
those which are least doubtfully onomatopoeic. The Chip})ewa ko-ko'- 
ko-o (Mass. kook kook hans ; Narr. ko ko' ke horn ; ]\Iohawk, o-ho-ho- 
v)ah; Onondaga, kekda;) represents very nearly the call of the Cat 



♦ Cotton's Tocabulary, 3 Mass. Hist. ColL, ii. 166. 
t In note to Rules' Abnaki Dictionary, s. v. Chat 
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Owl [Stryx Vtrginiana). " Kah kah he' sha, the Screech Owl " ought 
not however to be separately counted as an ' onomatopoeic primitive,' 
for it is merely the diminutive of the name wliich Dr. Wilson writes 
"^aA kau ban* a small owl wliich repeats the cry ff ah kau^"* — perhaps 
the Long-eared Owl [8. otua). So also, " Oo-^to-me-ace^'* another 

* screech owl,' is a regularly fonned diminutive, — ' the little Oo-oo^ — 
denoting probably the Gray Screech Owl {S. ncevia), 

" Aund a gosh' hcan^ the crow " and " Gah gau ge' shin^ the raven," 
are both derivatives, in the dialect of the Saginaw Chippewas, from 
the primitives ahn d<iig and kagdgi. The former h perhaps onoma- 
topoeic ; the latter, obviously so. 

^^ Tchin dees^ the blue jay," and ^^Denddai^ the bull-frog," are 
counted as two specimens. The former (in Chippewa proper, dain 
da' see or fin de se)^ is a diminutive of the latter ; and the jay is the 
" bull-frog bird." So, of the two names of ' the gull,' one * gah yauah 
ko shun ' is a derivative of the other, gai ashk (or, as Dr. Wilson 
writes it, hih gaushk), the more common Chippewa form, which may 
or may not be onomatopceic. 

The first specimen in the list (and the first which is borrowed by 
Mr. Farrar,) is 

" Shi sheebj the duck." In the Massachusetts language. Cotton 
wrote this name ' ae aep.'* It has the same sound in the Cree, ' aee' aeep^ 
In Chippewa, both sibilants are aspirated, * ahee ah^eb ' or, as Dr. Wil- 
son has it, * aJii aheeh? The root, aeep or aheeh enters into the compo- 
sition of the names of several species of water-birds or divera. In 
the Labrador dialect one species of duck is called maaheahep [L e. 

* great 8heeb''^\ Cotton gives qunvsaepa [evidently compounded of 
qunni 'long' and «6p], as one name for 'duck:' in the Chippewa, muk 
udachib (from nvukuda^ 'dark' or 'black,' and aheeb)^ is the name 
of the ' black duck,' and was the title of a famous warrior of that 
nation, on the Upper Mississippi, some fitly years ago ; and in the 
same language, the cormorant is called ka-ga-gi-wl^ ahiby or ' raven- 
like duck;' &c. Shee'-afieeb^ or aers^y is the frequentative or inten- 
sive form ; and, in some of the western Algonkin dialects, this receives 
one or more additional syllables, as in the Shawnee, W aee' bah; Sag- 
anaw-Chippewa, ahi ahee' be an^ — both which forms are unmistakably 
verbala. The root, aep^ signifies primarily, to extend^ to atretch oid^ 
and secondly, to dive, (Eliot wrote ' ae aep a' cm,' ' he stretches him- 
self) The Massachusetts ^aeaep^* the Cree aee* aeep^ the Chippewa 

* " Noctua ludfugans cucvbat in tcnebris."— Auct PhUomtSUB, 
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shee' sheehy and the Shawuee see' see' hah^ are names of a diviiig 
bird, — literally, a duck. Compare, Lat. mergiis from mergere; Dutch 
duycker (a dob-chick) from duycken (to bow the liead). 

The name * ah a ft ica^ a diver, a kind of duck,' is less doubtfully ono- 
matopffiic. This bird is the totem of one of the principal families of 
the Chipi)ewa nation, from which have come some of their most 
renowned sachems. 

Dr. Wilson supposes that the " Pau-pau-st/j/y tlie common spotted 
woodpecker," is so called " from the sound it makes in striking a tree 
with its bill." Perhaj)S so; but, to uncultivated ears, the name does 
not so exactly reproduce the somid as to compel belief in its mimetic 
origin. He describes the woodpecker as " spotted.'" Why may not 
the Indian have fixed upon the same distinguishing mark? Paupau 
say is the Sagannw name. In the Menomenie, we find 2)ah pah nch 
for the woodpecker, pah pah nay ew for tlie robin, and )vth peqtioh 
kah for the toad, Li the C]iippewa,/>a/i be ko daut' dai is the " speck- 
led toad" (dain-dai meaning 'toad ' or ' frog '). In the Delaware, j^a 
pachees (as Zeisberger wrote it), is 'woodpecker,' and 2^^pociis^ 
'partridge,' or quail. In the Abnaki, the verb pepesagh i gou signi- 
fies 'he is spotted"* (" il est mouchete," Kasles). The modern Cree, 
papa tay oo^ has the same meaning. If paupau say is onomatopa'ic, 
it is certainly descHptive^ as well, — and marks a 'spotted' bird. 

" Moosh-kah'OOSy a kind of crane which frequents marshy ])laces, 
" and makes tliis sound, with a choking cry, in the evening." Jloos/ir 
kahroos, or mooshkowtse, is the Chippewa name of the bittern {Ardea 
lentiginosa), " Frequenting marshy places," it derives its name from 
Chip, mafis koosch^ ' a marsh or bog,' or moos-ktegy ' a swamp," — both 
words being nearly related to mush-koo-deh^ a meadow or pniirie, and 
more remotely to Chip, mush koos icw or mtzh usl , ' green grass.' 

Why ^^ N^o-no^no'Caus-ee^'' as a name for the Humming Bird, is put 
among specimens of onomatopoeia, is not easily guessed. Was it sup- 
posed to ' imitate ' the little creature's length of bill ? No polysylla- 
bic name in any American language is less doubtfully synthetic and 
independently significant. The root nok^ or nonk (with on nasal), is 
nearly equivalent to tlie Latin tener. It means ' tender,' ' delicate,' 
'soft;' hence, 'light of weight** {levis), 'slender,' and sometimes, 
* young.' Roger Williams translates nduk-i, by 'light.' Cotton's 
Vocabulary has nonk-ke^ and (as a prefix or in composition) nCnk-^ 
for ' light.' Eliot wrote noohk-i [it is], tender, or soft ; with an ani- 
mate subject, noohk-iiiUy [he isj tender, or soft, — applied to the flesh 
of a young animal, as in Genesis xviii. 7 : and in composition, he 
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wrote nunk'Omp {=. light male, or young male) for ' boy,' or stripling. 
The modem Chippewa lias neariy the same form of the animate verb- 
adjective, tio-k^eej which, by intensive reduplication, becomes no-ng- 
k^-see^ ' lie is \*ery tender, or light.' So, in the old Alnaki, we find 
naji-nfink-es-es-oo [= 7\o^nok'%8e8'^i\^ * il est leger ' (llnsles). In a Chip- 
pewa Vocabulary published by Schoolcraft {IlUtory^ <bc. oftheltidian 
Tribes^ v. 599), I find " no no' kaw s^, the humming bird." With the 
double augment, as Dr. Wilson wrote it {uo-no-no-cmis-ee)^ the name 
becomes a superlative, and denotes " an exceedinghj light, or slight, or 
delicate creature," — as if we should say, ' the tiny'tmmilest little crea- 
ture.' 

If we prosecuted our examination through the whole list of names, 
we should find that not more than one-fourth of them could be fairly 
set down as onomatopoeic. And if this is true of a few carefully 
selected specimens, gleaned from three dialects, how much less is 
likely to be the proportion of such names, in the whole vocabulary 
of any one tribe? 

It may be safely affirmed, that by far the greater number of names 
of animate beings are not^ in any Algonkin language, onomatopoeic 
primitives, but are descriptive derivatives from predicative roots ; 
that some names of hirds^ reptiles and insects are apparently formed 
by imitation of natural sounds, but that the species so named are 
generally those which are more often heard than seen^ and conse- 
quently more easily indentified by their cries, or by sound, than by 
peculiarities of form, color, or habit ;* and finally, that it is yet 
doubthd if any Indian name of a qufidrirped can be shown to be 
purely onomatopoeic. 

Of many animal-names, the composition or derivation is sufficiently 
obvious. Of others, the form of word or observation of changes 
which it has undergone in passing from dialect to dialect, enables us 
to say confidently that they are compounds or derivatives, and not 
primitives formed by imitation. 

How utterly unfounded is Mr. Farrar's assertion of tlie universality 
of onomatopoeia in the vocabularies of savage nations, may be shown 
by a few examples taken for the most part from eastern Algonkin 
dialects. 

* Thoroau. in an account of a canoo-voyagc up tlio Ponobacot, remarked that hia 
^lide (an Abnaki Indian) " sometimes could not toll the name of some small bird which 
[Thoroau himself] heard and knew, but he said, •* I tell all the birds about here, — 
this country; can't teU liitlum noise^ but I see 'twi, then I can tdV — Maine Woods, 
p. 172. 
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The Beaver (Mass. tummunk; Narrag. tummSck; Abn. tema 
^koui;) is a * Cutter-off ' or * Feller * [of trees]. Another name (Abn. 
ameskou/ Del. amochk; Cree amiak; Chip, amik;) signifies the ani- 
mal which * puts his head out of the water,' i. e. the air-breathing 
watei^animal. 

The Otter (Narr. nk&ke; Alg. Jiikik ;) is a 'Biter,' or rather, *Ile 
* who tears with his teeth.' The Delaware name (giuniamochk^ Zois- 
berger) means ' Long beaver-like animal.' 

The Raccoon, was called by the Delawares * Soft hands ' (wtacke- 
iinschej Zeisb.), and ' Scratclier ' (nac/tenum). The latter name is the 
equivalent of the Abnaki areskani^ and the Virginian aronghcmi or 
arocoun^ corrupted by the Englisli to * Kaccoon.' 

The Bear was sometimes called a ' night-walker ' (Narr. pauk/m- 
nawdw)] and the same name was given to the constellation Ursa 
Major, perhaps because it was seen to * travel V>y night ' about the 
pole star. Another and the more common name of the l^ear, nigiiifies, 
I think, the 'Hugger' or 'Squeezer' (Cree, hfCtskvcah ; Mass. mosq ; 
Chip, makwd / Del. marhk). 

The Panther, in some eastern di:ilects, was ' Long Tail ;' in Chip- 
pewa and other western languages, he was the ' Great Lynx.' 

The Moose (Abn. moos; Xarr. mdos;) was a 'Smoother' or 'Trim- 
mer ' of trees ; so called from his manner of feeding by stripphig the 
young bark and the twigs from the lower branches. 

The Oppossum, in Delaware, was ' White Face,' or ' Great White 
Face.' 

The Horse received from the Indians of New England and Dela- 
ware a name which might pass, better than some of Dr. Wilson's 
specimens, for onomatopoiic (Narr. iiay-fuiy-o-tim^e^wot^ II. W. ; Alass. 
nah-nai-ge-^um-oo^dt, Cotton) ; but it is in fact a verbal, and signifies 
" one who carries on his back an animate burden." The Chij)pewas 
called him " The animal with imdivided hoofs," and sometimes " my 
" 8er>'ant " or " my domestic animal," par iQcelknce {n^di). The 
Blackfeet named him " elk dog " {]m uo kd nu ta)^ and the Sioux, the 
" marvellous (or supernatural) domestic animal." 

The Bald Eagle was * White Tail ' (Del. tcoajtnlaune^ Zeisb.). 

The Red-tailed Hawk, K borealis, was ' Bed Tail ' (Del. mtechga- 
lanne^ Z.; Mass. mashqttanon). Tlie Swallow-tailed Hawk, F. (A7m- 
clertis) furcatiis, was the Delaware 'Fork tail' (chnuwalfinjie) proba- 
bly, which Zeisberger calls " an Eagle with a forked tail." 

The Turkey, iu eastern dialects was ' Scratcher ' (Abn. ne he me y 
Narr. nejhom). 
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The King-binl, Tyramuts intrepidvs^ was called by the Narragan- 
setts and other New England tribes, " the Sachem.'' 

Examples might be multiplied to hundreds, but enough have been 
given to answer the present purpose. 

If time pennitted, I would direct attention to some curious features 
of Indian nomenclature of animals and plants that are not without 
interest to students of language. Just now, I will mention only one 
of these, namely, the gen eric affiv^ or formative^ by means of which a 
specific or individual name is referred to a known class, family or 
group. For example; the names of certain aquatic air-breathing 
animals, such as the Beaver, the Otter, the Muskrat, &c., receive, ui 
some dialects, a common suffix, derived fnmi a verb wliich signifies 
" to put the head out of water " or " to come to the surface ;" some 
rodents are characterized l>y a generic aflix as " biters," and others 
are, in the same way, classed with " scratchers " or " tearers." In 
the Algonkin, these generics foW}w^ in some other languages they 
BTQ pr(ifix4id to the specific names. Thus, in Dakota nouns, the prefix 
ta- limits the signification to ruminating animals; ira-, to animals of 
' bear kind ;' ^o-, to 'fish kind.'* Similar afiixes are employed for 
the classification of vegetables and plants. One distinguishes such 
fruits (melons, cucumbers, squashes, etc.) as may be ' eaten raw ' or 
'before they are ripe;' another (mvi or mlnne)^ which may be 
regarded as an inseparable noun-generic, makes part of tlie names 
of edible ripe fruit, grain, nuts, &c., — especially of berries and other 
small fruit ; a third refers to one class all plants which produce edible 
tvhtrSy (potatoes, the several species of ground-nuts, &c.) ; and so on. 
It is true that the American languages are deficient in general names, 
but it is likewise true that this deficiency is in great measure com- 
pensated by the number of inseparable generics which enter into the 
com])osition of specific names. Sometimes this aftix is purely gram- 
matical, — the fonnative of the participial or verbal which is used as 
a noun, — and has no independent significance. Such is the termina- 
tion -gun or -jegun^ which characterizes a numerous class of nouns in 
the Chippewa and other nearly-related languages. This is the forma- 
tive of a participle of causative verbs, and denotes the instrument by 
which the action of the verb is caused or eflTected. Mr. Schoolcraft 
was led into the error of regarding this tenninal -gun or -jegun as a 
primitive noun, " denoting, in its modified forms, the various senses 
implied by our words ' instrument,' * contrivance,' * machine,' <fec.* 



* Riggs, Dakota Grommar, § 62. 

f Information respecting the Indian Tribes, &c., vol. ii, p. 390. 
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Mr. Farrar, in Chapters on Language^ (p. 34), lias fallen into a worse 
mistake. In illustration of the assumed fact that, '^ m some cases the 
" onomatopoDic instinct is so strong, that it asserts itself sid*: by dde 
^^'wUh the adoption of a name ^'^ from a foreign language, — he tells 
us that " the North American Indian will speak of a gun as an ut-to- 
to^-gun, or ajoat«A-«A:€-2e-gun." Ut-to-tah-gimy as Mr. Farrar might 
have learned by a more careful reading of the page of ' Prehistoric 
Man ' from which the word was borrowed, signifies — not ' a gun,' but 

* a bell.' Moreover, the final -gun which Mr. Farrar mistook for an 
' adopted ' English name was, as I have pointed out, merely the 
formative of the uistnimentive participial. The Chippewa name for 

* gun,' — paush-kiz'<si-gun^ literally ' instniment of ex[»losi(m ' or ' ex- 
ploding instrument,** — is not more indebted to the English for its last 
syllable than is (in the same language) opiraiHgun, ' a tobacco j)ii)e' 
[smoking instrument], ne hau gun^ ' a bed,' jntg /// jnou giat^ ' a war 
club' [striking instrument], or ni fnibagun, * a water pail.' It would 
be easy to prove that neither ut-to-tuh-gun nor j^ftush-kiz-zl'gtfff is 
directly or purely onomatopoeic, but the demonstration is uncalled 
for. It is plain enough that as illustrations of the exercise of '* ono- 
matopoeic instinct," Mr. Farrar's examples were not well taken. 



V. — Ox THE MOIXUSOAN FaUNA OF THE LATER TeRTIABV OF 

Peru.* By Edward T. Nelsox, Ph.D. 



TuE following pages give the results of an examination of a collec- 
tion of fossil Mollusca from Zorritos, Pern, presented to the Museum 
of Yale College, in 1S67, by Mr. E. P. Larkin and Profl F. H. Bradley. 

The paper is simply a preliminary one, giving a catalogue of the 
genera found in the collection, with descriptions of a part of the species. 
It is to be hoped that other collections may be received from that very 
interesting region, both in order to complete the fauna and to afford 
the means for the description of many species, which, in this collection, 
are too imperfectly preserved for satisfactory description. 

QASTEROPODA. 

Bulla, sp. ind. 

A single specimen was found, resembling Bidla Adamsii Mke., but 
differing in the following points. Shell less convex above and propor- 
tionally broader at the extremities. Aperture, below, also appears 
broader than in any specimen of J3. Adafnsii that I have seen. Fur- 
ther specimens may prove this to be a distinct species. The outer lip 
is slightly broken, and hence the following measurements are only 
approximate. Length 24*6 millim.; breadth 10*6 millim. 

Callopoma lineatum, sp. nov. 

Plate VI, figure 2. 

Shell turreted; spire elevated; whorls six (?), convex. Upper 
whorls slightly depressed in front, marked by a few, strong, subnodu- 
lous ridges, alteniating with finer revolving lines. 

Body whorl very convex, marked above by two strong tuberculosa 
ridges, and laterally and below by a few revolving lines, vfirying in 
size, as on the upper whorls. Whole surface marked by very fine and 
numerous longitudinal lines, rather broader than the spaces between 
them. Aperture not observed. 

Length (4 whorls) 15*8 millim.; breadth 13*8 millim. 



* A graduating thesis presented at the Sheffield Scientific School, July, 1S69. 
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This beautiful species, although quite distinct, closely resembles 
both Callopoma aaxosum Wood and CaUopoma fluctnosum Mawe. 

From C. aaxosum it may be distinguished by having the whorls 
less flattened above ; lacking the row of tubercles at top of the body 
whorl; and in having much finer and smoother longitudinal lines. 
From C, fluctuosum it may be distinguished by lacking the strong 
rows of tubercles near the base of the body whorl ; by having fewer 
revolving lines, and stronger and more distinct longitudinal ones. 

Callopoma, sp. ind. 

I refer to this genus a very large cast found with the }>recvding 
species. It gives the following approximate measurements: length 
105 millim.; breadth 95 millim. 

Calliostoma noduliferum, sp. nov. 

Plate VI, figure 1. 

Shell conical and elevated ; whorls six, moderately convex ; sutures 
very distinct. Surface of spire marked by a few nodulous or beaded 
lines, six to eight on each whorl, well elevati'd and about half the 
width of the spaces between them. J^ody whorl convex above, keeled 
below, marked by the beaded lines and intermingled finer no<lulous 
ridges. Aperture subquadrangular ; outer lip sharj); columellar lip 
covered thickly by callus. 

Length (4 whorls) 8*8 millim.; breadth 10*9 millim. 

The marking of the body whorl is very peculiar and characteristic. 
The strong elevated lines bear on their summits a row of ncxlules 
resembling beads, while alternating with these lines there are finer 
ridges, also nodulous. This species is less elevated, has more distinct 
sutures and fewer striaj than Calliostoma lima Phil., the nearest 
related sjiecies. 

Uvanilla, sp. ind. 

I refer very doubtfully to this genus a si>ecimen too poor for identi- 
fication. It is mostly in the state of a cast and bears resemblance 
to this genus. External characters mostly wanting. 

Breadth 77*2 millim. 

Crepidula, sp. ind. 

Genus represented by six casts. Tlie generic relation was proven 
by breaking open one of the casts, when the transverse partition 
became apparent. 
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Crucibulum inerme, ^p- nov. 

Most of tlie specimens of this genus arc also casts, but a fortunate 
break laid open the interior of one and showed the " cup " of a Crimb- 
ulu7n. The shell is oblong-oval, twice as long as high, and smooth 
externally, thus differing from all known species of the West Coast. 
The cup is large, semi-lunar, and apparently strongly attached to the 
shell along the whole of the convex side. On the free margin the cup 
is depressed^ with a shallow sinus similar to that in C. spinoaus Sby. 

The following are the approximate measurements: shell, length 
24 millim.; height 11*6 millim ; cup, length 13*4 ; height 8 millim. 

Vermetus, ap. ind. 

I refer to this genus, doul.>tfully, a mass of irregular tubes which 
may, perhaps, be those of a species of Serpula. In the size of the tubes 
and mamier of growth it resembles somewhat the species now living 
on the West Coast, but no characters remain for identification. The 
size of the tubes varies from six to eight millimeters. 

Turritella plana, sp. nov. 

Shell elongated, turreted, with from 13 to 19 (?) nearly flat whorls, 
gradually tapering to a point. Whorls flat above, slightly convex 
below, marked by fine, equal revolving lines, 20 to 25 in the space of 
5 millim. Sutures dcejJy impressed and broad. Two lower whorls 
much more convex than the upper ones ; revolving lines stronger and 
crossed by distinct lines of growth. 

I have not seen a perfect specimen of this very interesting species, 
and hence measurements and the number of whorls can only be given 
approximately. A specimen consisting of the 8 lower whorls gives 
the following measurements: length 117'4 millim.; breadth 34*6 mil- 
lim.; breadtli of upper whorl 13'4 millim. A fragment belonging appa- 
rently to the same specimen gives for the length of the upper seven 
whorls 85 millim. 

The species may easily be distinguished from any with which it 
might otherwise be confounded, by its nearly flat whorls and equal, 
thickly crowded, revolving luies ; its impressed sutures ; and the con- 
vexity of the two lower whorls. 

Turritella suturalis, sp. nov. 

Shell turreted, whorls twelve to fifteen ; upper ones regularly con- 
vex ; lower ones most convex about one-fourth from the bottom of the 
whorls ; marked by four to seven strong, shaq) revolving lines, which 
are strongest on the lower whorls. Above and below the point of 
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greatest convexity the strong lines are supplemented by finer and 
more numerous ones. 

Sutures very deeply impressed. No perfect specimens found except 
young shells. A specimen with six whorls measures : length 76*90 
millim. ; breadth 25 millim. ; breadth of upper whorl 12*6 millim. A 
young specimen measures: length 30*1 millim. ; breadth 10*6 millim. 

This species seems almost as variable as abundant. Some of the 
specimens resemble T, tigrina Kien., but may easily be distinguished 
from that species by the greater convexity of the whorls, and 
stronger revolving lines. On all mature specimens the finer striation 
of the lower part of each whorl is very characteristic, but in younger 
specimens the striations appear nearly uniform from base to apex. 
Some few specimens show occasional fine lines, intermediate between 
the larger and stronger ones. The place of greatest convexity of the 
whorls varies in a few specimens, owing to a flattening of the whorls. 
Lines of growth very distinct on some specimens. 

Turritella bifiistigata, ap. nov. 

Shell turreted, slender; whorls twelve to sixteen, flat or slightly 
concave, except the body whorl, which is regularly convex ; whorls 
bordered on each side by a strong obtuse ridge. 

Intermediate spaces ornamented by fine raised, nearly equidistant, 
revolving lines, about ten in the space of five millimeters. Sutures 
small and narrow, or rendered indistinct by the development of the 
bordering ridges. Body whorl somewhat convex, except in young 
shells ; strongly wrinkled by the lines of growth, which, on well pre- 
served specimens, are sharp and acute. Base of this whorl marked by 
from seven to ten lines, nearly as strong as the ridges of the upper 
whorls. Aperture rounded; outer lip thin ani slightly produced 
below. A specimen consisting of the seven lower whorls gives the 
following measurements: length 61 millim.; breadth 19*1 millim.; 
breadth of upper whorl 7 millim. Nine whorls from a younger 
specimen gives: length 39*05 millim. ; breadth 10*6 millim.; breadth 
of upper whorl 3*2 millim. 

This interesting species shows some resemblance both to 2! plana 
Nelson and T, goniostoma Val. But T. plana is a much stronger 
shell, and lacks the bordering ridges, so characteristic of this species. 
T. goniostoma VaL has only one bordering ridge, viz., on the lower 
side of each whorl, while a central ridge gives to the whorl a slight 
convexity, which this species lacks. 
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Turritella, ap- ind. 

Shell elongated, turreted ; whorls broad and very concave ; sutures 
indbtiuct. Surface just above each suture marked by a very strong 
ridge. luterinediate surface marked by a few distinct concentric 
lines, fi\e to seven on each whorl. If the characters just given be 
constant, this species is very distinct from any of those described 
above, and from any now living on tlie West Coast. It is perhaps most 
nearly related to T, bifastigata Nelson, but has the whorls more concave 
and lacks one of the bordering ridges. Only four specimens of this 
species were found, all so badly worn and covered by Bryozoa and 
Serpulte that it is impossible to give a more detailed description. 

Eight whorls measure: length 63-4 millim. ; breadth 19'4 millim. ; 
breadth (basal, along the ridge) 26*2 millim. ; breadth of upper whorls 
5*6 millim. 

Aphera Peruana, ap. nov. 

Plate VI, figure 3. 

Comp. CanceUiiria tesseUata Sbj., Proc. Zool. Soc. Lond., 1 882 ; Eioner, Iconog., p. 32, 

pi. 9, fig. 4. 
ApJiera tesseUata Adams; Chenu, Manuel Conch, et pal^., it p. 2t6. 

Shell elongated, sub-fusiform ; spire short, pointed, formed by five 
or six moderately convex whorls. Body whorl large, three-fourths 
the length of the shell, ventricose. Surface marked by nearly equal 
longitudinal and transverse ridges, which form strong raised cancella- 
tions, and are so arranged as to form blunt, obtuse granulations at 
the point of contact 

Longitudinal lines finer, and much crowded near the outer lip. 
Aperture oblong-oval, narrow, half as long as the shell Lips covered 
with callus, which is continuous above and below the aperture. Callus 
of columella lip strongly reflexed over the shell, much broader above 
than below, almost completely covering the umbilicus. Outer lip 
thick, and reflexed above, furnished within with a few rather strong 
teeth. Inner lip with two plaits near the center, the upper one being 
much the stronger. There is also a plait at top of the lip, small 
but quite distinct. Canal wanting. Aperture prolonged into a short, 
open sinus. Length 17*4 millim. ; length of spire 4*4 millim. ; breadth 
10 millim. 

This species closely resembles Aphera tesseUata Adams, but is dis- 
tinguished from that species by its less slender form, stronger cancel- 
lating ridges, by its shorter and more open aperture, and by the third 
fold at the top of the colamellar lip. 
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Cancellaxia triangularis, sp. nov. 

Plate VI, figure 10. 

Shell ovate, ventrieose, spire elevated acuminate, composed of five 
or six whorls. Three upper, are regularly convex, and marked by 
prominent ribs and lines; the remaining whorls are very angular, 
flattened and depressed above. Body whorl large, very triangular, 
nearly two-thirds the whole length of tlie shell, strongly depressed. 
Sutures distinct, but not prominent. 

Ribs strong, ten to twelve on each whorl, and well marked on the 
top of each whorL Whorls of spire are marked just below the su- 
tures by two or three distinct but fine lines, and much depressed in 
front of them ; and marked laterally by three strong ridges, the upper 
one nodulous. Body whorl with the ribs strong above, grailually 
disappearing below, and with nine to eleven transverse, nearly e<pial 
lines, which form, with the ribs, quadrilateral cancellations, averaging 
4' millim. by 1*8 millim. 

Aperture long and narrow ; outer lip thin. Columellar lip covered 
by a thin callus, strongly reflexed over the whorl above, and having 
within two strong plaits, the upper one much the larger. Um- 
bilicus small, nearly covered by callus, sunnounted by a prominent 
keel. Canal short, nearly straight and open. Length 25*4 millim. ; 
length of spire 7*6 millim. ; breadth 17 millim. 

Cancellaria spatiosa, sp. nov. 

Shell ovate, ventricoso; spire short, elevated, acuminate; sutures 
distinct, especially the one separating the spire from the body whorl. 
Whorls seven, convex. Body whorls very convex and ventricose, 
three-fourths the length of the shell, broadest near the center of the 
shell and rising into more or less of a shoulder above the aperture. 
Surface of upper whorls not examined. Remaining surface smooth, 
except the markings of the lines of growth. 

When the outer surface is removed there is seen a series of strong 
transverse lines, about five or six in the space of 10 millim. Aper- 
ture semi-oval, nearly as long as the body whorl ; outer lip sharj), 
marked within by rather distant teeth, which extend well into the 
interior, but gradually thin out. Columellar lip covered by a strong 
thick callus, which spreads over the convex surface of the whorl, and 
over the umbilical region, rising within the aperture into three strong 
plaits, the upper being much larger than either of the others. Canal 
short, open, slightly reflexed, and surmounted by a prominent keel 
Our largest specimen measures : length 65*4 millim.; length of spire 
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15imllim. ; breadth 48-46 millim. Second specimen measures : length 
61 '2 millim. ; length of spire 12*2 millim. ; breadth 42*25 millim. 

Cancellaria Bradleyi, «*p. nov. 

Plate VI, figures 8, 9. 

Shell thick, ovate ; spire turreted, elevated, and acuminate, com- 
posed of six convex whorls, slightly depressed above. Whorls sepa- 
rated by distinct sutures, and marked by from 13 to 15 strong, nearly 
equal ribs to each wliorl, and four or five revolving elevations. 

Body whorl somewhat vcntricose, convex ; ribs more distant and 
accompanied on some specimens by lines of growth. Aperture oblong- 
oval, prolonged into a short, open, and slightly reflexed canal. Outer 
lip thick and smooth. Columellar lip covered by callus, almost 
covering the umbilical region; furnished within the aperture with 
two strong folds, the upper much the largest. Umbilical ridge strong 
and rugose. 

Length 27*1 millim.; length of spire 8*4 millim.; breadth 16*75 
millinL 

Cancellaria Larkinii, sp. nov. 

Plate VI, figure 7. 

A fifth species of Cancellaria has the spire elevated and turreted ; 
whorls slightly depressed above. Sutures deeply impressed. Body 
whorl vcntricose, three-fourtlis the lengtli of the shell ; ribs strong 
above, but absent over the base of the whorl ; transverse ridges 
strong and distinct. A row of strong, acute tubercles covers the 
center of each upper whorl, and the point of greatest convexity of the 
body whorl. Outer lip very thin, and furnished within with a few 
strong teeth. Columellar lip with two nearly equal plaits, and a third, 
quite indistinct one, below. XJmbilicuB small, covered by a deposit ot 
callus. Umbilical keel very strong. Canal short, open, and slightly 
reflexed. Owing to the bad state of preservation of our specimens it 
is unpossible to give exactly the measurements or number of whorls. 
Our most perfect specimen gives, for four whorls, these measurements : 
length 27 millim. ; breadth 18 millim. A much larger specimen 
measures (5 whorls) length 40*1 millim. ; breadth 23 millim. 

Strombus, sp. ind. 

This genus is represented by four specimens in the condition of easts, 
which bear strong resemblance to the young of S. Pemytanti* Swain. 
Outline conical, reflexed below. The largest specimen has the outer 
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Hamburg. — Naturwissenschaftlicher Verein. Abhandlungen, Bd. v, 2, 3. 1871-2. 
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Forhandlingar, xii, xiii, 1869-71. 8°. 
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Krakau.— K. K. Stemwarte. Materialy do Klimatografii Galicyi, Rok 1869-1871. 8*. 
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18G8-73. 8^ 
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Geological and Polytechnic Society of the West Riding of Yorkshire. Re- 
port of Proceedings, 1870. 8°. 
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Leipzig. — Astronomische G^e8ellschaft Vierteljahrsschrift, Jahrg. vi, 3, 4; vn, 3. 4; 

VIII 1, 2 : 1871-3. 8°. Publication xi, xn, 1872. 4^ 
Li^GE. — Societe Royale des Sciences. M^moires, 2™e S^rie, T. in, 1873. 8". 
Lisbon. — Academia Real das Sciencias. Jomal de Sciencias Mathematicas, Phjsicas 

e Naturaes, T. i, ii, m, 1866-71. 8". 
Liverpool. — Literary and Philosophical Society. Proceedings, nos. 26, 26, 187(V-1, 

1871-2. 8°. 
London. — Mathematical Society. Proceedings, nos. 1-33, 36-61, 1866-73. 8'. 
LiJNEBERG. — Naturwissenschaftlicher Verein. Jahreshefte iv, 1868-9. 8®. 
Lund. — Universitas Carolina Luudensis. Acta, 1868 i-in, 1869 i-in, 1870 i-m. 4". 
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LuxBMBOUSO. — Institut Royal Grand-DucaL Publications, T. xn. 1872. 8**. 

Lton. — Acad^mie des Sciences, Belles-Lettres et Arts. M^oires, Classe des Sci- 
ences, T. xvii-nx, 1869-72. 8°. 

Maokid. — Observatorio. Obsenraciones Meteorologicas, 1868. 8°. Obsenradones 
Meteorologicas effectuadas en la Peninsula, 1867, 1868. 8**. Annuario, 
1869, 1870. 8°. 

Milan. — Reale Instituto Lombardo. Rendiconti. Serie II, vol. n, fasc. 13 — vol vi, 
fasc. 6, 1869-73. 8°. 
Gabba, L. Sopra alcuni studj di chimica organica, 1870. 8°. 

Reale Osservatorio. Effemeridi Astronomiche, 1870 i, ii, 1871 i. 8". 

Sul g^nde commovimento atmosferico, 1 Agosto, 1872. 4°. 

Societi Italiana di Scienze Naturali. Atti, vol. xni, nv, xv, 1, 2. 1870-2. 8*. 
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MoNOALiERi. — Osservatorio del Reale Collegio Carlo Alberto. Bullettino Meteorolog- 
ico III, 10— V, 10, 1868-70. 4'. 

Denza, P. F. Le stelle cadenti. Memorie v, vi. 1870. 8' 

Aurore Bor^e, etc., 3 Jan. 1870. 8* 

Aurora Polare, 6 Apr. 1870. 8' 

Sopra gli aeroliti caduti, 29 Feb. 1868. 8' 

Norme per le osservazioni delle meteore luminose, 1870. 8*^. 

Osservazioni delle meteore luminose, 1871-2. 8°. 
Moscow. — Soci^te Imp^riale des Naturalistes. Bulletin, 1869-73, no. 1. %", Nou- 

veaux M(^moires. T. xni, livr. 3. 1871. 4°. 
Munich. — Konigliche Bayerische Akademie der Wissenschaften. Sitzungsberichte 
1866, I, 3. 1869, I, 4. 1870, i, n. Sitzungsberichte der philosophisch- 
philologpschen und historischen Classe, 1871, 1872, i-iii; Sitzungsberichte 
dor mathematisch-physikalischen Classe, 1871, 1872, i, iL 8*. Inhalts- 
verzeichniss, Jahrg. 1860-70. 8*. 

Erlenmeyer, E. DieAufgabedeschemischenUnterrichts. MiSnchen, 1871. 4". 

Friedrich, J. Ueber die Gteschichtschreibung unter dem Kurfursten Maxi- 
milian I. Munchen, 1872. 4*". 

Haug, M Brahma und die Brahmanen. MCknchen, 1871. 4°. 

Preger, W. Die Entfaltung der Idee des Menschen durch die Weltgeschichte. 
Munchen, 1870. 4^ 

Zittel, C. A. Donkschrift auf Chr. E. H. von Meyer. MGnchen, 1870. 4". 

Stemwarte. Annalen. Supplementband xn, 1872. 8**. 

Nbu-Bbandenburo. — Verein der Freunde der Naturgeschichte in Mecklenburg. 

Archiv, Jahrg. xxv, xxvi, 1872-3. 8". 
NuREMBERQ. — Naturhistorischo Gesellschaft. Abhandlungen, Bd. y, 1872. 8*". 
Offenbach a. M. — Verein fiir Naturkunde. Boricht xi, xii, 1869-71. 8". 
Pabib. — Observatoire M^teorologique de Montsouris. Bulletin, 28 Avril, 1870 30 

Avril, 1872. 4'. 

Societe d^Acclimatation. Bulletin Mensuel. 2°>« S^rie, T. viii, ix, x nos. 

1-5, 1871-3. 8°. 
Passau. — Naturhistorischer Verein. Jahresbericht ix, 1869-70. 8*. 
Pbaoue. — Konigliche bohmischo Akademie der Wissenschaften. Abhandlungen. 

Sechste Folge, Bd. ii-v, 1869-72. 4*. Sitzungsberichte, 1868-1872, 1. 8*. 
PULKOW A.— Nicola i Hauptstemwarte. Jahresbericht, 1871. 8*. Tabuke Quantita- 

tum Besseliarum, 1875-9. Petropoli, 1871. 8°. 
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Beoensburo. — ZoologiBch-Mineralogpscher Yerein. Ck)rreBpondenz-Blatt, Jahrg. 

XXVI, 1872. B\ 
HistoriBcher Verein von Oberpfalz und Regensburg. Verhandlungen, Bd. 

xxviii. Stadtamhof, 1872. 8°. 
RiOA. — Nattirforscher- Verein. Correspondenzblatt, Jalirg. xix, 1872. 8**. 

Stieda, L. Die Bildung des Knoc'hengewebes. Festschrift Leipzig, 1872. 4**. 
Rotterdam. — Bataafsch Genootschap der Proefondervindelijko Wijsbegeerte. Xietiwe 

Verhandelingen, Tweede Reeks, Deel i, ii. 1867-70. 4*. Gedachtenis- 

viering van het honderdjarig bestaan van bet Genootschap, 1869. 4''. 
St. Gallen.— Naturwissenschaftlicho Gesellschaft Bericht 1868-9, 1869-70, 1870-1, 

1871-2. 8°. 
St. Petebsburo. — Imp. Russ. Obsbtshestvo. Memoires. Greographie i, n, iv ; Eth- 

nograpbie i, ii, iv; Statistique I, ii, 1867-71. 8°. 

Jardin Imperial de Botanique. Trudy i, i, 1871. 8*. 

ScHWEiZEBiBOHE Naturforschende Gesellscliaft. Yerhandlungen in Solothum, 63. 

Jahresversammlung, 1869; in Frauenfeld, 64. Jahresversammlung, 1871 ; 

in Freiburg, 56. Jahresversammlung, 1872. 8^ 
Stockholm. — Eongliga Svenska Vetenskaps Akademien. Handlingar. Ny Foljd, Bd. 

vii 2, vni, IX. 1868-70. 4**. Ofversigt, Arg. xxxvi, xxxvii, 1869-70. 

8**. Meteorologiska Jagttagelaer, Bd. ix, x, xi, 1867-9. 4°. Lefnadsteck- 

ningar, Bd. i, 2. 8^ 
Carlson, F. P. Minnesteckning ofver E. G. Goiger. 1870. 8°. 
Stuttgart. — Verein fiir vaterlandische Naturkunde in Wiirttemberg. Wurttember- 

gischcNaturwissenschaftliche Jahrcshefte. Jahrg. xxv-xxix, 1869-73. 8**. 
Sydney. — Crovernment Observatory. Results of Meteorological Observations, 1870, 

1871. 8°. 
Tasmania. — Royal Society. Monthly Notices for 1871. 8°. Results of five years* 

Meteorological Observations for Hobart Town. 1872. 4°. 
Trondhjem. — Soci^to Royale des Sciences. 

Sars, G. 0. Carcinologiske Bidrag til Norges Fauna, t. Monographi over 

do ved Norges Kyster forekommonde Mysider. Forste Hefte, Christiania, 

1870. 4^ 
Upsala. — Regia .Societas Scientiarum. Nova Acta, T. vn, vra, 1, 1869-71. 4*. 

Bulletin Mot^rologique Mensucl, i-iii, 1869-71. 4*. 



Barrande, J. Crustaces divers et poissons des depots Siluriens de la Boh^me. Prague, 

1872. 8^ From the Author. 

Carpenter, H. F. Catalogue of the Shell-bearing MoUusca of Rhode Island. Central 

Falls, R. I. 1873. 4'\ From the Author. 

Galle, J. G. Grundziigo der Schlesischen Kliniatologie. Breslau, 1857. 4". 

Frofn the Author. 
Kornhuber, G. A. Beitrage zur pbysikalischon Geographic der Prosburger G^spann- 

schaft. Prcsburg, 1865. 8\ 

Die naturlichen Grimdlagen der Bodenproduction in Niederostreicli. 8". 

From the Author. 
Liais, E. Climate, gi'ologie, faune et geographie >)otanique du Br^il. Paris, 1872. 

8°. From the Brazilian Government. 
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Mayer, A. M. Ou a simple and precise method of measuring the wave-lengths and 
velocity of sound in gases, etc. Five pamphlets, extracts from the Amer. 
Journal of Science and Arts, 1872-3. From the Author. 
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VI. On the Direction and Force op the Wind, with the Fall 
OP Rain and Snow, at Wallingford, Connecticut, from Ob- 
servations MADE BY Benjamin F. Harrison, M.D., and reduced 
BY Francis E. Loomis, Ph.D. 



Read Jan. 18th, 1871. 



The observations described in the following Article were made at 
Wallingford, Conn., a town situated about twelve miles north of New 
Haven, in lat. 41° 29' N., long. 4»> 6 If™ W. of Greenwich. The appa- 
ratus employed in the observations was located on or in the immediate 
vicinity of Dr. Harrison's house, which is situated on a ridge of land 
extending nearly north and south, with a valley on the west. The ele- 
vation of the house above this valley is about 70 feet, and its elevation 
above the sea is about 130 feet. Both on the east and west sides of 
the valley is a moderate range of hills extending nearly north and 
south. In order to indicate to what extent these hills obstruct the 
horizon of Dr. Harrison's house, the angular elevation of the most 
prominent points was measured with a small graduated quadrant fur- 
nished with a plumb line, and the following is the result; — 



Direction. 

North. 

N.E. 

E. by N. 

East. 



Distince. 
7 miles. 

li « 

4 
li 



(( 



(b 



Angular 
elevation. 

2° 
2 

li 
2 



Direction. 

S.S.E. 

S.W. 

W.N.W. 



Distance. 



li miles. 
4 " 
li " 



Angular 
elevation. 

2 
21 



Within about one hundred feet of the house on the south side, is a 
small church, but the ridge of the roof is less elevated than the vane 
and anemometer. These facts indicate that the vane employed in the 
following observations had a pretty fair exposure, and it is inferred that 
the direction of the wind was not greatly influenced by the neighbor- 
ing inequalities of the earth's surface. 

Direction of the Wind, 
The direction of the wind was measured by a self-recording vane 
having a general resemblance to that employed by Dr. Charles Small- 
wood,* of Montreal, but with some modifications by Dr. Harrison. 



• A description of Dr. Small wood's meteorological observatory and apparatus is 
contained in the Smithsonian Report fur 1866, p. 311. 
TBAN& Ck)NN]iOTicuT Acad., Vol. II, Pabt 2. 13 Jan., 18*71. 
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The following figure shows the form of the vane, 



sry: ^ 



^v,>v 



> \l 



J 



and its dimensions are as follows : — 

Length, ^ to / = 10 ft. 8 in. ; o to / =: 6 ft. 3 in. 
Breadth, ah = 10 in. ; c(/ = 3 in. : ef'=^gh^i \\ inch. 
Thickness, ^ to A = 1^ inch. \ kXol tapers to \ inch. 

The vane is of hard wood, and balanced by a leaden ball at gh. It 
was elevated about 60 feet from the ground, and supported by a mast 
erected on the back part of the house ; while the shaft passed verti- 
cally through the roof down to a closet conveniently situated for ob- 
servation. A vertical cylinder, 3 ft. 8 in. high and 2j inches in diam- 
eter, was firmly attached to the shaft, so as to follow its slightest mo- 
tion. Near the cylinder was placed a seven-day dock, whose weight 
(a loaded box descending in a groove) carried a pencil through a veiv 
tical height of 42 inches in seven days, being at the rate of one-fourth 
incli per hour. The pencil was pressed by a spring against a paper 
pasted upon the the cylinder, and when the cylinder was stationary 
<lescribed a vertical line upon the paper. The vertical motion of the 
pencil combined witli the movement of the cylinder when the wind 
was irregular, traced a zig-zag line u))on the paper. The direction of 
tlie meridian was determined by setting up a series of stakes in the 
range of the pole star. These observations were made with the naked 
eye, and no care was taken to select the instant when the pole star 
was on the meridian. The error arising from this latter source might 
amount to two degrees. The vane having been set in the meridian, 
tlic points of the compass were marked upon the cylinder, and thus 
the directions denoted by the zig-zag line could be readily determined. 

The observations on the direction of the wind commenced July 1st, 
1857, and were continuous to June Otli, 1862. From July, 185T, to 
January, 1859, only the eight cardinal points were employed by Dr. 
llarnson in th(^ copy of his record from which the following reductions 
were made; but from January, 1859, to Jime, 1862, sixteen points 
were employed. To determine the mean direction of the vane for 
eacli hour during each month of the year, the number of hours that 
each direction occurred during the month for tlie first hour, for the 
second hour, etc., was counted, and the pum of the corresponding 
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numbers for the five years was taken. These numbers are given in 

Table L 

[See Table I, pages 212-225.] 

In order to deduce from these numbers the mean direction of the 
wind, the sums of the hours during wliich each wind prevailed were 
regarded as distances traveled, and the numbers were resolved into 
two rectangular components by means of a traverse table, in the same 
manner as we resolve a traverse in navigation. The sum ol all the 
southerly motions was then subtracted from the sum of all the north- 
erly ; also the sum of all the easterly motions from the sum of all the 
westerly; and the resulting direction was obtained by the principles 
of trigonometry. A similar computation was made for each of the 
twenty-four hours for eacli montli. Tlie results are given in Table II. 

[See Table II, page 220.J 

In order to exliibit the results of this Tal>le palpably to the eye, the 
numbers are re))resented by curved lines on Plate viit. Beginning 
with January, the wind's direction at 1 a.m. was set off with a pro- 
tractor, and a line drawn J inch in length ; from the extremity of this 
line the wind's direction at 2 a.m. was set off, and another line drawn 
of the same length as before; and in the same manner were set off the 
directions for each of the 24 hours. Thus we obtain a l>roken line 
which may be regarded as representing the average j)rogress of a par- 
ticle of air for eacli hour of the day through the month of January, 
supposing the wind's velocity to be the same at all hours. In like 
manner the curves for each of the 12 months were constructed. The 
points of tlie compass arc indicated up(m the margin of the chart. 

These curves show a decided diurnal change in the direction of the 
wind for each montli of the year; while for tlie six warmer months 
the diurnal change is unexpectedly large. The following comparison 
with similar observations made at Hudson, Ohio, Philadelphia, Penn., 
and Toronto, Canada, will show the remarkable character of these 
results. From a discussion of seven years' observations at Hudson, 
Ohio,* Prof. E. Loomis (ibtainecl for the mean direction of the wind 
at 9 A. M. and 3 r. m. for each of the twelve months, the results given 
in the fii*st half of Table HI. In the last half of the same Table are 
given the corresponding results f<»r Wallingford. 

* Am. Jour. Scieiioo, \r»l. xlix, 1845. ]>. L'70. 
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Table L — Direction of the Wind, WaUingford, Conn. 

JANUARY. 
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Tablk I. — Direction of the Wind^ Wnllingford^ Conn, 

JANUARY (continued). 
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3 ' 3 :\^ 

2 I 2 ' 2 

^ _i "^ 

"sTlT''"?* 



3 3 5 

5 . 4|l Gi 



4 I 
' 2 
1 



4 
2 ■ 2 

J ' L- 
r5~.14n5i 



1857 
18581 
18591 
1860, 2 
186r: 

simrr2 





I 0. 

! 1 

2 1 0, 

I 



2 i 



2 1 











"oi- T 








1 



1 



2 I 2 




1 
1 

3 







1 
1 

4 





4 
1 
1 

6 



«) I 

1 I 4 4 

•1 » I r< 





3 
3 



I 

I ») : ! 

2 2 ' 2 



\ i_l i I 'J_ 1 1 , 1 



I 



' 

1 1 
1 ' 1 





I) 
1 
I 



8,71871515 4'2!2i2 



1857 3f 3 2 2 3f 4 3 2*1 \\ lA 3 

1858 2 U; 3, 3' 2 I 2 2i li, 1 I 2 
1859' 2 ' 2' 3 3. 1 ' 0, I 3 4 
I860 2 I 3 I 3 2, 1 ' 1. 2, 1 I 1 . 
1861' , i 0, I 1 01 ' 

Sum r 9V~9 A U 10 ~7^r8 ~7i '5 



West. 

2k 3 2A 
3 2Ai 1 
3 11 
' 




2 ; 3^1 3* 3 : 4 

3 I 3 I 2*< 4 : 6 

1 



! 1 , 1 i 1 

1 I 1 : 1 1 



1 I 1 I 1 



P ' i 
1 i 1 ' 
1 I i 



1 1 






1857 I 

1858 . 

1859 1 I I 



0, 

i 0' ol 

1! 2' 2 i 2. 1: 1 

2> li I I 



3*< hi 9 i 8A 6A! 44 7 | 8f; 9 10 13 

West-south-west. 

I 1 0,0 

I I ' i 

1 I 1 (M I 



8 . 5 I 



4f 4f 5 
1 I U 2 
1 1 3 
I I 1 
JD 

"6i 7' 11 



1 () ' I 



i 

I 

> 

' 



' 
I 




! 1 



1860 1 I 1 . -. .. ^ , ,. . ^ I - ^ . .. ^ , ^ , , ^ . 

1861 ; I 0, 0| I ; I 0,0 I I I 
Sum 2'~2 i~3~3:~2~r2~T'"r!T "^ "-' ~" " ~'~-""^'-- ~- -" "^ 



I ! . I 1 






1 






2 



' 



; 

! 


o 



I 



1 ! 2 



1857 li 
1858- 1 
18591 1 

1860 1 

1861 1 



2 
2 
1 
1 



3; 3 141 1 21 2 2 
1 I 2 li 04 1 
0' Ol 1 00:0 

2 1 

3 I 2 



11 11 1 
1 I 1 1 3 3 3 



Sum, 5ir'7 ' 5 5| 74 7 7 7^ 6 
18571 0,0' 0; 



1858| I 



0' ol 

1859J 5 ' 5 j 5' 5| 5 

I860! 7 I 7 ' 8, 7j 7 

I861! 8 8 ! 8 7i 7 



SumiiO 20 2119119 









.2 
South-west. 

U Oil 2 1* 4^: 3*1 3 ' 3 •■ 2i 1 I li! 

I ' 3 ' 2*1 3^ 3 I 2 I 1 I 2 I 2 I ; li- 1 ■ 
I I 1 12 3 I 4 i 2 2 j 2 2 I 2 
2' 2 '212 2'22,2i3 2I2|2 

Jl JL'A -5_LL l!j_ J_J J. 'J_L^ 

5i 6 I 6 ' 8i= 9ii2iillill0 ill Ti~7ilT4 

South-south-west. 
; ' ; ; i 



I 
2 
C^,_0 

2 ' 8 








~2~ 







6 I 5 



' ! 

''» ' -7 ' 7 6-5 



; 1 

7 6 



0, Ol 

0: 0| 

6 61 6 

7' 7 7 

71 7 8 8^' 9 10 I 9 10 .I^'IO :iO 10 | 9 

20!20 2ri2r,2'2 22" 25 !2b~ 26~ 5i i29 29~ 26" 



blii ri'T'T bd7 7 6 6|65 
7 I 8 ; 7 9 i 9 10 10 12 'l2 11 12 .11 9 



10 i 

! j 

6 I 6 i 5 ' 



_8_!_7___ 
26 24 !2T 



2 2 2* 
2 ' li U 
2.22' 

3 2:2 

JL'JJ ^ 
10 84ilO 


000 
5 3 3 
9 9 7 

21 Ii9 17 ' 
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Tablk I. — Direcdou of the Wind^ Wallhitiford^ Conn. 

(continued). 






I857i 9 7 61 6 6i 6 6 4! 

1858,13 12 12!l2 12 1l 10 10^ 

L869I » 4: 4; 4 M 3 4 4 1 

1860; 2 i 2 2| :i 1| 1 II 

1861: 5 5' 5i 4 3 1 < 






i'C 



.£: ^ \ji 



i.^ ^ .X ■— .F- ;-H 

South. 
4 4^ 4 6 6 6^ 7 
11 10 . 8 . 8 
2 2 1 1 
1 ' I 



^ ,.c: -= .c: ^ ^ 
l«e r- 'oc- |3» |0 1 — 



9 
3 

3 



10 9 
2)2 

3 3 



112 3 

8uin!32"30:2y'29 25 22 20^9^ 19 17^ 15" 17 21 2U 21 

South-iouth-MUit 



7 7i 8 8^ 10 9^ 
loiOHl 12 13 12 
'3 3 5 
2 2 ' 3 I 
_3 4 4 5 6,6, 

22 26' 27 30^3435^ 



'23 2 

I 0. 1 2 



1857 I I Oi . 

1858i Oi 0| Oj Ol i Ul I 



18691 
I86O; 2 
1861 J^ 

8uinl~2^ 





1 1! II 3! 3 
0. 0. 0: 



oi o ! nl 





Ml ^ 

0| 
2!T 







<l 

2 2 



2~2 






3 


~3 





u 

1 

3 








o 



I 2 

-■ I - 

4 i 4 








•I 



1867 2f 31 4 3. 2i 2 1 II 1 i 
1864 1 1, 1 0; I 
1859 2 I 2i 1 1 0! 0-0 



18ti0 I 
1861 ; 



0. I 0: I I 
^J)_0' 11. 

Sum ~54l"6|^ 4~2!"2'~2i 3 i 



1857 

1858 

1859 1 

I860. , 0, Ol 
1861 _0^,_0 0' 0| 

Sum T~; 1 ~i! 1 



00 

0. 0| 

1110 





1) 



. 


I 

I 

I 

00 :' 






2 

1 

3 

1 
1 
1 



1 

«! 6^ 4 '4 l~8i"2' 4 
Bait-iouth-eait. 



! 0' 









































1 


2 


2 


2 


2 


1 


1 


i 2 1 


1 


I 


1 


1 


1 


1 


r 2 


3 


3 


3 


3 


3 


3 


3 4 


'6 


G 


6 


~6 


6" 


5 



South-east. 

2, 2f, 2 I 1 I 2 ; 2 
11 12 0^ 
j < ! 
2 1 I , 
1111 111 



1112 2 
2 2 , 2^ 3 
1 1 I 1 I 



! 



J. ^JJ L 
I 5 5 




1 

Gf 7 



2i' 4 I 

1 1 1 

1 





6 lOi 



1857 


1 


1858 





1859 





1860 


1 


1861 





Sum 


2 



01 

oi 
o' 1 

li 1 
0; 

Ti"2 



1! 2 1 i r 1 




0' 
1' 

0| 



Oi 1 
I 
, 



1 

I 






0: 

. 

: 

0' 0_| 

"0 . 

1 1 

0, ' 














■ 


> 

o"; . "0 



I 

' 



S! 

0' 


















: I I 

I i 





I 



! I 



! 



I'll 

1 T 



.£3 IX ,.a 

C^ Id Id 



9 i 8i 8 

U -11 ,12 

6 ' 6 • 5i 

3 I 3 I 3 

_6 I J !_6_ 

35 i34ii33i 





1 
2 

6 



4 3 2 

4 4 2 

1 1 1 

1 1 i 

_?_ ®_-l 

ib~ "9~ 5 

I 



I 



' 1 1 
0,00 

» -Li-L 

1 ; 2 2 



Bast 



2 




2 



1 

01 1 {\ 








1 

2 
1 



1 
2 




0. 



18671 I 

1868 

18591 j 

1860, 

1861 | 

Sum i~0~|~0 



21 2 U '^ 2 







1 1 


1, r 
























2 


I 1 














0' 





2 


I. 1 



If 



0! 

li 1 




"iiT 




3' 



I 








1111 
I If 1 
> 
I 
000 



9 



4 13 4 3 2 2i 



•) 



li, 1 
Oi 3 3 • 
0,010. 
000' 
_0_!_0 . 

2i 4i: 4 



1 
2 




"3 



1 

1 


1 





1 




1 





Bast-north-east. 




. 



1 






I 









1 
1 





I 



1 ' 1 

2 1 

t» 



1867: 
18581 



4 
2 



4 4; 4' 4 4 I 5 G 



2 2- 2! 1 



J 859 I 0; Oj 1 



Oi I 
111 



112 3 2 

North-east 

5 5 I 5 I 5i 5 ! 5 5^ 

1 1 I lil Oi 



0, 


i 1 

i 1 1 
I _o 

2~r 










































1 « 



































i ^ 

















0" 








V 






I 1 



I 



1860i 2 3 4 3' 3 3 , 2 1 
I86I' I 01 Ol I 0_ 

Sum I 8 , 9I0i 9 9! 8i' 8 9~ 



18571 
185R' 
1859! 1 
18601 2 
1861!^ 

Sum: 9 



I I . 1 
7 7 





8* 



2 1 
I i 1 




1 





iT 



i_j i_i_i_ 

9 '■ 8 i 7i 



6 

H 
1 

1 





4f 3 
2 3 
1 I 

1 . 2 
i_0 

^' 8i."9 



3 
2 

3 


8" 



3 1 
1 • 



3 I 

7 i 



3 : 2 









~0 



3i| 5 I 4 

2 2ii 2i 

1 

3 





1 I 1 
3 . 3 





North-north-east 


















0: 























. 





Oi 











0,0,0 





0^ 











1 1 


1 2: 2 


2 1 


2 2 


2 ' 1 11 


1 


ll I 


1 


1 


1 1 


2 2 


2 


1 


1 


3 2 


1 1 


2.2 ill 


1 


1 1 


1 





, 1 


6; 6 


5 


5 


5 


4 4 


4! 4 


4 4 


2 1 2 


2 


2 


2 


1 


1 


2 1 3 






■ 














^.^ 










9! 9 


8 


8 


8 


9. 7 


7i 7 


8 1 7 


4 1 4 


4 


4 


4 


8 


2 


3 ! 5 



lUiioi 



j I 

i 

1 I 1 i 2 
1 j 1 I 1 
3 I 3 I 3 

5 |"6"i 6 



15a 
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Tablk I. — Direction of the Wind^ WnUingford^ Cotw, 

OOTOBBR. 



^ ic^i r: 



^ ^ ^ Ij3 '.^ 



- - /S .:= 



X Oi 






1857 9 

1858 13 

1859 4 

1860 8 
1861.14 



9i 
13 

4 

10 

14 



12 13 13 112 I2f 12 11 
12^. 12 12 Il2jl2ill 12 



.1 



5 I 5' 5^ 7 5 6 

il 



3 ' 4 
12 lis 14 -13112 10 8 I 6 5 < 4 
14 ;13 n 14:14 .14.13 jTi 12 I 9 



tax 

North. 

15 14 >12^ 12^ Un^jlO 

110 ' 7 I 7 7.8.89 
7 ! 7 5 14^33 



IJ3 -A \A '— i^ 
H'. .00 o> o — 






2 I 1 1 
9 7 6 



1 
4 



i 9 8i 6 I 6 10 
7f 7 8 ; 9 10 
2 2 3 ' 2 2 
2 2 1 I 2 3 
3 6 



Sum 48 50^53^:55 57 .GoLVOf 54 49 



j49 45 i39^35f3lf29l27 
Nortli-north-w6ft. 



^ 9 9 

13 13 ji:t 

2 3 14 
5 5 16 

_6_,_7_1 7 

23^22^21 122 31 34f3ri39 



1857 
1858 
1859 
1860 
1861 

Sum 



; 


4 

1 ! 






2 
3 
1 













7i, 6 



1 

8~ 



I 0' 0| 

' 0; 0, 

3 t 4 4 ' 4 5 

4 5 

2, 3 



3 ; 3 

4 4 4 i 4 3 



3 .3 3 2 



10 10 11 9 10,13 



1867 7 7 1 

1858 3i 4i 

1859 4 ' 3i 

1860 1 , 1 
1861' _0^ 

Sum 15116" 



7 . 6^ H 
6i 7 GJl 
3 4.4 

111! 
1 ! ' i 



8 
7 
5 
1 

Ol 1 



8 ' 7 

6^1 7 

4 ! 3 
2 



18i 18i19i21i2U 



2 
Jl 
20 21 



: 
I 

6 
. 4 

3 

■ 13' '11 

North-WMt. 

: G^i 8 8 6 7 
S 8 7i 6 . 6 
3 4 6 9 ' 9 
3 3 3 



























5 


4 


4 


5 


4 


3 


2 


2 





2 


1 


2 


l" 


9 


7"' 


9 



0> 



3 2 

2 2 

2 J 
6 5" 



; 

5 

i 2 
1 

."8 





5 
3 
1 





4 
6 
1 



Oi 



4' 3 

6| G 





2 





3 
6 
1 



9 11 IllllO 



. 9 10 I 






3 

4 
I 

8 






! 1_| 2 1 Jt^_3 

.20f 24 "25^27 '28' 

West-north-wait. 



' 6 6 


6 


6 


i\ 6 


5 


. 5 


11 11 


9 


8 


3 3 


3 


3 


4,3 


3 


! 3 


i30'29 


26 


.25 



5 



5^ 5 
4i 3 3 

7:78 
2 I 2 

_3_j_3, 

2ir 20.16 



6^, 7 
2^ 3 
7 I 7 
0,0 
1,1 



1857 

1858 

1859 2 
1860I 
1861| I 

Sum ' 3 



I 

; 

i 2 




1 . 

3 '■ 





i 

1 I 1 
, 

Li ^ 

2 ! 2 







I'll 22 

I 

2 i 2 2 i_3l 3 

3 ! 3~3 



0:0 

4 I 4 



> 
' 
4 2 2 




3 



I 



1 . 1 



5 



1 



3 3 



5 5 



7 I 8 ;iO i 6 I 6 



I 0. 
; 0" 
2 2 

r 1 

3i 3 
6 ~6 




' 

. 3 
1 

i 3 
I 7" 





4 
1 

T 





4 
1 
3 



Oi 


3i 1 
V 2 
2I 2 



8 ; 61 5 



7 

H 
5 



116 .18 IGi 

10 

I 
'101 

I 1 > 

1 I ■ (t 

3 "(TT 



1867 Hill 
1858 U' 0^1 



1859 i 



1860 

1861 

Sum; 3~ 

1857] 

1858 

I869I 3 

1860J 1 

1861 1 

Sum 4 



1 



1ir2 



\\ 2 

1 

2 

' 

,0,0 

'~3f~3 



2 2 

1 1 

! 

0' i 

. 



I 

I 

3 I 2 

2 i 2 

' 

5~!'4 



I ! 



. 
' 3 




3 



I I I 
I 



3 3 

! 

0' 

2 2 

ii i 





I 


o 

6 



•I 



2 2i 2 
H< 2i 5 5 

1 I 4 11 



1 





1 




1 
1 



5 
2 
I 
3 



5 
o 

2 
•7 



1 1 
5 ! 6 



1857: 3^1 4 I 4 

1858 1 

1859 5 

1860 3 12 11 

1861 3 !_2_ 3^ 
Slim i5i 14 15 iTi" lo 



3 I 4 

1 ; 1 

1 i I 
5 ' 4 

2 j 2 

3 2 



1857 
1858' 
1850,' 7 





. 

7 1 7 

3 : 3 



1860 2 
186r_5 _ 

SuInH 16 15 



5 5 















5 


5 


2 


'^ 1 


, 5 


5 ' 



3 3 

' 1- 2 

I |. 2 

5 5 

1' 1 

i' - 

"9 if 

0, 

0' , 

4' Ak 



2 2 

51 5 



1 


6 

1 


To 

0' 

ol 

41 
2| 
4 



5^1 7 Oil<^ '13 12 
WMtHK>Uth-W6ft. 
0-0 

I 

1 1 I 1 2 
1 1 ' 1 

Olio 

~ 2~"3 : 2~ 2" 

South-waft. 

2 ! 1 : 1 I 24; 3 I 3 

8i 

6 

2 

I) 



! 1. I 


1 


1 


5: 4 


6 


4 


i 2 3 








3 2 




I 


2 2 


2 


3 


'13 12 


10 


~9' 



2 2 1 1 1:1 

3f 4 2 li 2 3i 
1. 2 ' 2 ! 1 , 1 



{) 



I 1! 





















1. 


1 


1 





1 


I 


I 


1 





2 


3 


2 





(V 

2 1 

0, 



"2 r 





I 


1 

2~ 






1 




1 









1 


1 





2 ' 


2 2 


3 


2 


1 


n 


"9 7 


"s'i 


7 


"H 
































1 . 


1- 3 


3 


3 


3 





0' 





1 


1 


1 ' 


1' 1 


2 ) 


3 





2 


2 4 


5 i 


7~ 


6 



2 ' 1 I 2 I 1 ' 1 

3 ' 3 I 3 2 I 2 
3 13 4 4 8 
i I 



1 


H 


2 


2 


1 


1 





1 


2 


3 


5 


5 


2 


2 


2 


1 


1 


1 





1 



I- 



13i 9 H lUUO .10 

South-AOuth-WMt. 

0,0 I I , 
00 I 



7 lOi' 9 



10 



2 ' 2' 3 I 2 2 . 2^ 

H 0' u 2^1 2 r 

4 I 3i 1 I 2 i 3 , 3 
11 1 I 3 I 3 4 
0' 01 1 ' J_j 1 2 

"8i 6 ~7iio'f:i"rm 



5 



I 



5f 6 



3 ! 3 



5 I 6 
3 4 I 4 
3 I 5 _5 3_. 5_ 5 

.12112 illirH lOill I34T4 r2 !l6 15 















0| 











6, 6 


5 


1 5 


6 


5 5 


3 


A 


3 


: 5 6 


6 


8 


8 1 


11617 


14 


■ 17 


17 1 







6 6 

2 3 



I 


6 I 7 

1 1 
8 8 





8 
1 
8 



17 11818 16 .16 '17 
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Table L — Direction of the Wind^ Wallinfiford, Conn. 



OCTOBER (continued.) 



^ I »i I CO i ■^ I irj ; <o 



1857; 8 , 3 

1868- 8 ! 7 

1859' 1 j 1 

I860,' 2 I 1 

1861. 4 I 4 



2' 3 I 3 



71 7 



11:3 
2I 3 I 2 



•> 



8^1 

3 I 

4 ' 
2 ' 



8 ' 

3 ' 

4 
o 



,S '.fl 'S -^ '5 ;C0 '-^ ' 

QOiO) II-* ^^ .S -^^ '^^ 

South. 

4' 3f 3^; li 1 2 
6 8 



2i 






:,C >=: jC -^ -^ 1^ .-jz; 

I GO I OJ I C I — I Cl CO «* 



8. ' 5 , 7 

2 10 

3' 2 1 

2 2 I 2 , 2 




! 
4 , 2 



H 

8 




o 



Sum. 18 ;i6 Il4il6 |19 !20fJ» I9 13fllfl0^11 il2 !l2^i 

South-ftouth-eait. 

o'oo'o.oo: 



1857! 

1858 

1859 
I860I 1 
1861 ' 2 

Sum' 2 












■ 
















1 








1 




1 


1 I 





» 


1 


I 


' 





. 


1 


li 1 


1 


1 


1 1 


3 


a 


2 


2 


I 


" 1 



1857 
1858 
1859 
1860 
1861 



2 
2 



1 



2^ 2 

' 

1 ' 1 



21 2f I ; 



2f 0^ 0^ 

; I 

1 , 1 



. 1 i 
_-__:i ?., ; 

5i 5i 6 U li'i 



Sum! 5 

18571 

1868, 

1869, 
I860! 
1861" 

Sum "o" !~cri~0 









I 
CO ! 







0; 

I 



' 

0__0 

oTPo 



1857 
1868 
1859 
1860 






1 



Oi 



0* 




1^ 1 

, 

1 . 01 

1 Ji 1 

Sum! 1 : 3^ 2i 2 



1861! 



1 




1 
2" 



1 i 
' 

?! 



18571 

1858| 

1859j 

I860' 

18611 

Sum! 



0.00 00 



' 



I 







10 
I 

6".~o T 






I) 








1 

f 



18671 5 , 4^ 
1858 2 1 
18591 2f, 3i 
18H0I 



2 3 
1 1 

3 2 




1861 > 



3 ' 4 
I I 1 
2,2 
0,0 
' I 






Sum 9^! 9 . 6 6 






1 


l' 





0_ 

"(T 
1 






r 






1 
~l 

3A 

1 

o 



1 

7i 



01 
0! 

ol 

?i 

T 





0: 
1' 
0^ 

]' 






0! 



' ' 

i I 

I I 1 

1_>_1 I 1 

I 



2 . 





I 
I 

•r 





3 

T 





4 
2 

6" 



5 3^ 6 

8 8' 9 



Oi I 2 

_3 4 4 

1^16^21 



0; 



4' 

2' 
"5 



6 6 5i 5 5 

9 8^:10 9| 8i 

' j 1 2 2 

2 2 ' 3 2 1 

2 ; 2 I 2 2 1 

r9''i8i'"2rf.20^!'l7i 



4 
8 
2 
I 
1 
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4 


4 


4 


4 


3 


3 


3 


2 


1 


1 


1 


1 








1 


L 


5 


5 


6 


5 


3 


3 


4" 


3 ' 



8* 

7 

2 
3 
1_ 

16'16i 
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2 
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r 















South-east. 
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I I 

: 

I 

I 2 



Oil 
; 

1 : 1 
1 

rf"2~ 

Eaflt-south-eaat. 
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1 


1 


1 
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1 


I 
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1 
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I 
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, 


1 


2 


2 


2 


^ 
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5 


5 
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1 
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■JHrection of the Wind^ Walltm/ford^ Con/t. 

(contiuued). 
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Direction of the Wind at Walling ford^ Conn, 



Tablk II, Part 1. — Hourly Means. — Direction of the Wtnd^ 

WaUtngford^ Conn, 
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o o o 1 o 


Ih 


31-4 


27-1 


41-4 


36-4 195-2 


166-2 j 170-7 


173-1 


90-8 
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Those angles ure measured from tlie North point, r<»uu<i tlie circle 

bv the West and Soutli. 

» 

Table II, Part 2. — Ratio of Oie Wind's progrrssivt motion in its tnrun directittn, to the 

tot4il disttuux traveled. Wallitujford, Conn., 1857-1862. 
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If we ooml»ino the northings and soutliings, eastings and westings, 
tor the several months, so as to obtain the hititude and departure for 
the entire year, and henee eonipute the mean direction for the year, 
we sliall (»htain tor a result \. 51^-7 W. If we take the arithmetieal 
mean of the twelve monthly directions, we shall obtain X. 74"* W. 
The large diiierence arises Ironi the greater uniformity in the wind's 
direction during the eohler months, when the direction is most 
nortlierlv. 

The numhers in Tahle II, part 2, were obtained as follows: After 
computing the mean direction of the wind for each hour, as described 
on page *21 1, the absolute length (»f the line indicating its direction 
was computed, and this number was divide<l by the inmiber of the 
observations for that honr without regard to direction. 'Hiese result- 
ing mimbers, tlM'refore, represent the ratio of the wind's progress, in 
the mean direction to its entire motion; and a com])arison of these 
numbers shows at ^\hal iiour the direction of the wind was most 
uniform, an<l at what hour it was most variable. 

Tauli: III. 
Miiin JPiiwrfliHi of the, MViiid, 
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For the entire year, the average change in the direction of the 
wind from a. m. to '^ v. m., is Mt Iluilson ls**-:i; while at WMllingford 
it is 54''*1, or ////v^: ^////^'i* as great as at Hudson. .Moreover, at Hudson 
the direction at .'J i*. M. is alwavs more mtrtherlu than at 9 A. m., while 
at Wallingford it is always more intnthtdij. These tacts seem to 
indicjRe that the <*;nise of the diurnal change at Wallingford, must be 
quite ditVerent froni what it is at Iluds<»n. 

The Phihub'lphia observations emjiloyed tor com])arison were those 
made at the <firard Colleixe Observatorv* in 1H4*2. The results are 
shown in the tirst part of Table 1\', while in the secon<l part of the 
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Mf'an Dirvcthm of the Wifuf, 



Table are given tlie correspondiiiir nurabei-s for Toronto, Canada.' 

T A n L K I \ ' , 1 *a rt 1 . — //<> ?//*/// J^Iea n a. — Direct ion of th e \S ^in r7, 

PhUadelphiit, Pa,, 1842. 
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Tablk IV, Part 2. — Hourly Met inn, — Direction of thi Wiml^ Toronto^ 

Canada, 1854-18.59. 
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* AI)Htra('tH of inoti'orolojrical obsi^rvalion'* niado at the Magiietic^l Observalnry, 
Toronto, dminj? the Vfars 1854 to 1S59. inclusivo. Toronto). 1804. 
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The niimbei*H in l>oth tubles represent degrees counted Ironi tlie 
north point around the circle by the west and south. 

The diurnal fluctuation at Pliiladelphia durinjr tlie cold months 
IB greater than at Wallingford, but <luring the warm montlis it is 
decidedly less. The fluctuations at l^hiladelphia appear greater in 
consequence of the shortness of thi* period of comparison (one year). 
In order to discover what would be the ette<*t of extending the period 
of comparison, that month was selected, (May), whicli at Walling- 
ford, showed the most remarkable diunial fluctuations. Table V 
shows tlie results of the Philadelphia observations for the month of 
May, for a period of four years. 

Table V. — Hourhf Means, J}incthm of the Wind for Moy ot 

Philodelphia, 
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The mean diurnal fluctuation is here reduced to 28 degrees, while 
at Wallingford, for the same month, it amounts to 'M\\ degrees. The 
cause of this ^reat fluctuation at WallinLrford, must be verv fliflerent 
from that which ojierates at Pliiladelphia ; or if tlu? cause be the 
same, it must operate with far greater intensity. 

The results of tin* observations at Toronto, exhibit a strong resem- 
blance to those at Wallingt'oid. For the six coMer months the nu*an 
diurnal change is nearly the .s:nne, and the cm-ves n*presenting the 
change of direction are simihir, although the corresponding <'hanges 
are not simultaneous. At Toronto the wind is most southerlv about 
an hour after noon, while at Walliiiirford the wind is jrenerallv most 
southerly alxmt 5 i». Af. During the six warmer months, tlie diurnal 
change of directi<m at Toronto is nearly as great as at Wallingford; 
and if we omit the month of May, it is greate- than at Wallintrford. 
Moreover, the curves representing the changes of din-eticm at the two 
places, bear some resemblance to each other; although the change of 
wind from north to south generally occurs four Inuirs earlier at 
Toronto than at Wallingford. 

A comj»arison of these facts naturally suggests the idea, that the 
diurnal change in the direction of the wind is mainly due to ine<pialitv 
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of teiniM^rature over noi^liborinir portions of the eartli's surface ; aii«l 
that at Walliiigfonl, as well as at Toronto, the great changes in the 
warmer months are <lue to the proximity of a large surface of water. 
The diurnal change at WalliuLrfonl cannot he ascribed simply to the 
inequalities of the earth's surface. This cause might affect the mean 
direction of the w^ind, but could not jiroduce a change in the wind's 
direction from hour to hour. Moreover, the facts stated on page 209, 
show that the horizon at Wallini^ford is but little obstructed by hills ; 
w^hile the great regularity in the changes show-n by the curves on 
Plate VIII, intlicates that the inequalities of the earth's surface do 
not here greatly aftect the wind's direction. 

We j)ropo8e, then, to inquire whether the diurnal changes in the 
direction of the >\dnd at Wallingford, can be explained by the influ- 
ence of the difference of temperature of the land and the neighboring 
water. For this comparison we will take the temperature of New 
Haven as the standanl for the temperature of the land at different 
periods of the day and year, and for the water we will take the 
numbers derived from Maurv's thermometrical charts of the Atlantic* 

In Table VI, column second shows the mean temperature of the 
different months at New Haven; column third shows the mean t<nn- 
perature of the warmest hour of each month ; and column fourth 
shows the mean temperature of the coldest hour of each month. 

Tablk VI. — Temperature of Xew Haven and Ocean compared. 
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Column tif\h shows the mean temi)erature of the Atlantic Ocean for 
a zone extending; a little over a degree on each side of the i)arallel of 
New^ Haven, an<l reaching eastward to longitude 00° ; while column 
sixth shows the mean temperature of that portion of the Gulf Stream, 
which is comprehende<l within the limits of the same zone. The 
diurnal change of temperature of the* water is not accurately known, 
but is presumed to he less that half what it is at New Haven. The 
distance from Walliugfonl to llie nearest ])oint of the Gulf stream 
is about 300 statute miles; its distanci^ from the nearest point of the 
Atlantic Ocean is about 50 miles ; but Long Island Sound, which is 



* Maury'.-' wind and current cliurts, Thermal sheets, Series D. 
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hen? 20 inilos in l)rt»;ulth, is distciiit only ten mik's. It is presumed 
that the teinperatun* lu-re i^iven for tlie Atlantic Ocean would not 
differ jrroatly from the temperature of Long Island Sound for the 
correspond in 15 months. 

Near tlie parallel of 40" \. lat. the average wind is from a point 
a little South i»f West. We will call tliis the normal wind, and 
inquire whether the temjienitures shown in Tahle VI, will enahle us 
to explain the departures from this ncu'inal direction shown in the 
ohstTvations at Walliniriord. I>egiiminLr with the nuuith of January, 
we find the temperature of the land, even at its nnixinuim, to be 
manv dei^rees lower than the neii^hhorinj; water. This cause should 
then produce a deflt'ction of the nonual wind in tlie direction from 
the lami toward the water; and this shouM continue throughout the 
*24 horn's, hut should he most decided <luring the colder half of the 
dav, which conclusion corresiKmds verv closelv with the ohservetl 
facts. The same remark is applicable to the month of February, 
except that during the warmest [)art of the <lay, the temperature of 
the land differs from that of the ocean less than in January, and the 
defle<'ting iorce should be less; whicli con<'lusion also corresponds 
very well with the observ<'<l facts. The phenomena for January and 
February are therefore ^ cry well explained by the unequal tempera- 
ture of the lan<l an<l the Hthfhhorintf water, witlnnit ascribing any 
influent'c to the more distant and warmer water of tlie (iulf Stream. 

For the month ot* .March, the same remark is ap])licab]e during the 
coMer half of the dav; but about the hour (»f maximum heat the 
temperature of the land and that t»f the neighboring water is about 
the sami*, while observation shows the wind still ten<ling from the 
northwest. Thi*^ would seem to indicate that the heat of the (iulf 
Stream was the principal defh'ctiiig force; but perhaj»s the facts mav 
be explaineil from the ineilia of the air set in motion from t!ie north- 
ward, because the neighboring water is warmer than the land 
during nearly the entire day, and the slightly higher temperature of 
the land continuing but tor an hi»ur or two, is insutticient to arrest this 
steady <*urrent from the north. The phenomena ibr .March are easily 
explained by reference to the higher temperature of the Gulf Stream; 
and may, perha])s, l»e explained without ascribing any very important 
influence to this more remote bodv of water. 

During the month of April, the mean temperature of the land is 
higher than that of the neighboring water; ami even at tin* coldest 
hour of till* day, the land cannot be much colder than the water. 
Nevertheless, observations show a strong deflecting force from the 
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North ])rovailing more than lialf tho day. It does not appear how 
tins fact can be exphiine<l, except by ascribing it to the influence of 
the warmer water of the (iulf Stream. 

The northerly wind, which prevails during a considerable portion 
of the day in the month of May, cannot be ascribed to the influence 
of the neighboring water, but is easily explained by the higher tem- 
perature of the Gulf Stream ; while during the principal part of the 
day, the temperature of the lan<l rises so much above that of the 
neighboring water, that a breeze sj)rings up from the colder water 
toward the land. 

The northerly wind which prevails during a portion of the day in 
the month of June, seems also to indicate the influence of the Gulf 
Stream, while th(» southerly wind, which prevails during more than 
half the day, is explained as in the month of May. 

In July the noitluTly wind almost entirely disap}>ear8, for now the 
land is not only warmer than the neighboring ocean, but during a 
considerable part of the day is warnuT even than the Gulf Stream. 
The strong simtherly win<l which generally prevails, is a current flow 
iuir from the cooler water toward the land. 

In the months of August and S<'pt ember the land is warmer than 
the neighboring water during about half of the day, and colder during 
the other half; and we find accordingly that the northerly current 
prevails for about half of the day, and the southerly for the other 
half 

In thi? month of October the circumstances are nearly the same as 
in March, while in November an<l December they are nearly the same 
as in January and February. 

We fin<l, then, that most of the observed facts can be accounted 
for from the uncijual temperature of the lan<l and the neighboring 
water; but some of the fa<-ts, es])ecially those in April, May and June, 
seem to indicate a decide<l influence of the Gulf Stream; and if the 
intluen<'e of the Gulf Stream is aj)preciable during certain months of 
the year, its influence must be exerted during the remaining months 
of the year, although partly masked by being blended with other 
causes. 

If the causes which we havi* here assigned IVt the changes in the 
wind's direction at Wallingfonl are correct, they ought to produce 
similar eff'ects at other stations similarly situated; that is, at places 
all along the Atlantic coast of the United States within the belt of 
prevalent westerly winds. Observations at such places may then 
afford a test of the accuracy of the explanation here given, j 
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From a series of liourlv observations of the wind, we may infer the 
best nietho<l of <ledneino: tlie wind's mean direction from observations 
made at a limited number of liours. For nine montlis of the year at 
Wallingford, tlie <lirection of the* wind at 1 p. m. eorres]>ond8 very 
closely with the mean <»f the 24 houi-s,'wliiU' for the other three montht» 
(31ay, June and .Inly) this direction is not attained until 5 r. m. The 
other hour of the <lay when the wind's <lirection corres})onds most 
nearly with the mean of tlie 24 horn's, is about an hour after mid- 
uigiit. At Tonuito, the two hours when the wind's direction corres- 
ponds most nearly Avith the mean of the 24 hours, are 9 a. m. and ('» 
P.M. At Philadel[)hia they are 10 a.m. and s i». m. Thesi.* critical 
hours aj)j>ear, therefore, !<► vary consi<lerably with the locality. 

Tlu* hours most generally selected for observations of tem]>erature 
are 7 a. m., 2 an<l 9 w m., and the best result whicli can be deduce^l from 
these obscM'vations is obtained by adding twi<*e the 9 o'clock observa- 
tion to the sum of the other two observatiims, and dividing the result 
by four. The same rule gives the true mean clirection of the wind at 
T(»ront<» within less than one <legree, althougli the uiean diurnal range 
amounts to 65 degrees. At Philadelphia also the rule gives an e<(ually 
accurate result. 

At Wallingford this rule is considerably in error, owing to the fact 
that tlie critical hours o<*cur inueh lat<T than at Toronto; but during 
the six colder months, tlie mean of the 7 a. m. and 2 p. w. observations 
corresponds very well with the mean of the 24 liours, while during the 
other six months, the 2 p. m. observation does not dil!er greatly from 
the mean of the 24 hours. 

At most observatories where hourly observations of tlie wind are 
made, the observations are not reduced with surticient accunicv to 
enable us to test the preceding method of de^lucing the mean direction 
from a limited number of observations ; but at Oxford, Englan<l, the 
rule above given for Toronto furnishes a very a<*curate result. 

The record at Wallingfonl shows several cases in which the vane 
indicated the same direction uninterru])tedly for two days or more. 
The following exam]>les are selected from the lii'st two years of the 
observations; because <luring this period the force of the wind was 
recorded, and we are able to distinguish between the perio<l during 
which the wind blew with considerable force, and that durinjj whicli 
the air was nearly or <piite calm, irntil January, 1859, the records 
employed only the eight cardinal points; but subsequently sixteen 
points were employed. 

Tlie following Table shows tirst, the direction indicated by the vane; 
flecou<l, the date at which this <lirection began to be recorded; third, 
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the jH»riod durinjij which the record indicuted identically the same 
direction of the wind; and lastly, the nnni her of hours during this 
interval wlu'n the pressure aj»j)aratu8 showed the wind to blow with a 
force of at least eijjjht ounces on a plate ten inches square. 

Tablk VIT. — fHHtanres of retmtrkahly nteady Wituh. 
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Fim'e of the Wind, 

The force of the wind was recorded by an anemometer constructed 
U])on the principle of Osier's anemometer, from directions furnished 
by Dr. Smallwood of Montreal.* The pressure plate was ten inches 
s(piare, and the spring was a straight steel rod, 2 ft. 7 in. long, and 
one-fourth inch in <liameter. The weight of the clock (the same as 
employed for recording the direction of the vane) turned a horizontal 
cylinder nine inches long, and three and three-quarter inches in diam- 
eter, with a uniform and known velocity. A long roll of paper, eight 
inches broad, wound upon n roller, passed over the cylinder, and was 
wound up on another roller. The ends of the cylinder were armed 
upon its I'ircumference with sharj) points, which caught the paper and 
carried it forward with the same vclocitv as that w-ith which the 
cylinder turned. The motions of the pressure [jlate were commimi- 
cated by means of wheel work to a pencil, which was pressed by a 
sjiring against the paper. When the jiressure plate was stationary, 
the ])encil described a straight line upon the paper; but when the 
plate was in motion, the pencil traced a zig-zag line. 

Before the commencement of the observations, experiments were 
made to d(»termine the amount of pressure on the plate corresponding 
to given positions of the sj)ring; and hence the distance of the dil!er- 
ent points of the zig-zag line from the line of no pressure, could be 
converted into <mnces of j)ressure on a surface ten inches square. 
Unfortunati'ly these experiments were not repeated at the close of the 
observations. In the course of the two years during which the spring 
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was employed, the reoonl sliowe^l a perinaneut eliange, indieatini^ 
either w change in tlie elasticity of the spring, or a <"hange in the ap- 
paratns by whicli the motion of tlie pressure phite was transmitted to 
the recording pencil. 

The observations on the force (»f the wind c<nn!nenced 18o7, Sept. 
7d, 7h, and continued to 18.">9, July 1 Ith. Until the month of April, 
IS5S, pressures less than ten ounces s<'em to iiave he<*n recordetl 
with as great tidelity as tlic higher pressures. Alter April oth, 1^<58, 
no pressures were recorded less than ten oun4Ts on a ])late ten inches 
scpiare. About this time, either the spring or the reconling apparatus 
must have sustained sonu* injury. It is imp(»ssible now to determine 
why the a])])aratus subsequently failed to record the sniaMer pressures; 
nor can we determine whether the higher pressures recorded before 
Ai)ril, 185H, are comparable with those subsequently reconled. This 
failure of the anemometer to reconl the low pressures im)mirs some- 
what the value of the (»bservations; nevortheh'ss, the results are so 
consistent with each other, and with similar observations ma<le else- 
where (as we shall see hereafter), that the observations are considerc*! 
worthy of j»reservation. 

Other observers have e.vperienced simihir tlithculties with the pri'ss- 
urt» a])paratus of Osier's anemometer. At the Observatory of Toronto, 
Canada, during the years IH40, '41 and '42, in pressures of less than 
one pound, the pressure plate of the anemometer either did not move 
at all, or the reconl of its motion was very uncertain. In hitrher 
winds the inrstrumeiit worked well, but the s])ring was iiwutficient to 
bring the pencil back again to the zero, so that until corrected bv 
hand, the pencil might continue to mark high |)n*ssures after the wind 
had lulled. A similar imjuTfcction was fountl in the Osier's anemom- 
oter employed at the (lirard College* Observatory in ls4()-4r>. 

Table VIII exhibits in detail the entire series of observations :it 
Wallinjxfonl, and shows the recorded forct' of tlu' wind estiniateil in 
ounces upon a surl'acc of 1 00 square inches, for ea<'h hour <>f the day 
durini; two years. The averajjje force of the wind is thenci' obtained 
for each hour of each m<»nth. 
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2.Sfl Directio» atid Fonx of the Wind. 

The cun-f lines upon Plate IX repreeeni the mean force of the wind 
for each hour of the d&y, and each month of the year. The hoar of 
the day is indicated at the top and bottom of the page. The space 
Itetween tlit: horizontal lincfi represeote a diflerence of one ounce upon 
the prcHsure plate. Since the sero of pressure is different for each 
curve line, the absolute value of the horizontal lines could not be in- 
dicated u|>on the chart without creating confusion ; but a reCerence to 
the average re»ultB in Table Vin, will readily indicate what the lero 
iff. Thexe curves cshiltit strikingly to the eye the dinrtial change in 
the wind's force. 

Tlic time of maximum pressun^' varies from 1 to 4 p. m. ; occorring 
generally at 2 p. x. in winter; 3 p. v. in spring and autumn; and at 
4 p. M. in summer. These honrs, during the colder part of the year, 
correspond very closely with the time of maximum temperature, bnt 
during the warmer part of the year they occur irom one to two hours 
later. 

The average time of minimum pressure is 2 a. m., but varies from 
10 p. M. to 7 A. M., between which hours the averse change of press- 
ur<> is quite small. 

The general form of the curves of pres!>ure at Walliugford is similar 
ti> that of the cnr\'e9 representing the oltservations at Girard College, 
I'hiladel]>hia, but the absolute pressure is different. Table IX aSbrd« 
a comjiarisoD of the exti-nt of the diunial change at the two plapet. 
Column second xliows for each month the pressure for the hour when 
it wa9< least at Wallingtbrd, and column third the pressure at the hour 
when it was greatest Column fourth shows the minimnm pressure 
at I'hila<lclpliia, expressed in pounds per square foot, and column 
fifth shows the samo numbers reduc«d to the standard of Wallingford, 
vis! : ounces of pressure on a surface of 100 square inches. Columns 
6 and 7 show the maximum pressure at Philadelphia similarly ex- 
pressed, 'l^c 1-esults given fur I'hiladelphia are the means of 2^ 
years of observations. 

Tablk IX — Monthly Maxima and Minima oj" j>reMure at Wailing- 
ford and PhikuMpiiia. 

Wullmftfiird. Pliilndclpliia. ' i ffiillingrord. I ' 'PhilBdorphii 
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H'fl 
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(III 


■l-\1ii-l 


4':i 
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i-7 


1-29 14-3 
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l-n:l.^'0 
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The mean of the maxima for the year is nearly one-half greater at 
Philadelphia than at Wallingford ; and the mean of the minima is 
more than double. Tlie ratio of the maxima to the minima is nearly 
one-half greater at Wallingford than at Philadelphia. 

Mean direction of the Wind's progress. 

In considering the circulation of the atmosphere for the entire globe, 
it is important to know lor each place, the average direction of the 
wind's progress^ and this is not necessarily the same as the average 
direction of the wind, for its progress depends upon velocity as well 
as direction. If we could construct a polygon, all of whose sides but 
one should represent the successive directions of the wind for any 
assumed time, and the lengths of those sides should be proportional 
to the wind's force in thi»se several directions, the remaining side ol 
the polygon would represent the direction and amount of the wind's 
progress for that time. In order to reduce the Wallingford observa- 
tions upon this principle, the angles given in Table II, Part 1, were 
rcganled as the directions of a ship's course, and the numbers repre- 
senting the wind's force for the given hour and month, as shown in 
Table VIII, were regarded as the distances sailed. For these courses 
and distances, the Northings and Southings, Eastings and Westings 
for each hour were taken from a traverse table, and the total difference 
of latitude and departure for each month were computed. The result- 
ing course was thence deduced by the principles of Trigonometry. 
The following table shows the results of this computation. 



Tabi.k X. — Mean direction of the Wind^s progress. 



Month. 

January 
February 
March 
April 



Direction. 



N. 31-8 W. 
35-0 
47-5 
46-5 



MonUi. 



Direction. 



May 
June 
July 

AugURt 



S. 40"-0 W. 
GO-4 
49-3 
80-4 



Month. 



September 
October 
November 
December 



Direction. 



N. 80-"6 W. 
43-6 
53-9 
35-5 



The mean direction of the wind's progress for the entire year i» 
from a point N. 55°*8 VV., being 4**'l more southerly than the direction 
obtained without regarding the wind's force. The difference arises 
from the fact that the wind's force is generally greatest at that hour 
of the day when its direction is most southerly. 

Fall or Rain and Sxow at Wallingford, Conn., ISSB-ISTO. 

The observations on the fall of rain and snow began April, 1850, 
and continued to August, 1862. They were resumed in November, 
1864, and are continuous to the close of 1870. The rain-gauge em- 



260 Fall of Rain and Snow at WaUingifordy Conn. 

ployed is a cylindrical metallic vesBel 1 1^ inches in diameter, and 8 
inches deep. Near the middle of its height is a metallic diaphragm, 
designed to preserve the interior from objects falling upon the upper 
surface, while allowing the water to pass freely. It also prevents 
animals from drinking the fallen water. The gauge was placed on 
the surface of the ground, in the yard of Dr. Harrison's house, where 
there is a tolerably free exposure. To measure the amount of rain or 
melted snow there is a glass jar properly graduated to show inches, 
tenths and hundredths. The snow gauge is also llj inches in diam- 
eter, and is two feet deep. It is placed on the top of a fence, at an 
elevation of about three feet from the surface of the ground, in a 
tolerably free exposure. 

Table XI shows the total fall of rain and melted snow in inchep for 
each month of the years observed ; also the monthly means derived 
from twelve or fourteen years of observation, and the total annual 
fall of rain and snow. The average annual fall. of rain and melted 
snow, derived from twelve and a half years of observations, is 51*26 
inches ; and this amount is distributed not very unequally through 
the different seasons, being in spring 13*78; summer 18*54; autumn 
12*07; and winter 11*87 inches. 

Table XL — Fall of ra hi and melted »now^ in inc/ies^Wallingfordy Ct. 



Year 



185H 
1867 
1K68 
1859 
1860 
1801 
1802 
1804 
1865 
1800 
1807 
1808 
1809 
1870 



Jan. , Feb. . Mar. 



4-39 
313 
6-94 
2-38 
4 07 
6-71 

4-92 
1-71 
2-42 
4-55 
3 05 
0-38 



2-08 
1-92 
4-24 
3- 13 
2-90 
301 



2-47 
1-57 
8-45 
2-62 
502 
4-30 



leal 414 



4-00 i 0-31 
0-48 I 3-41 
204 : 408 
1-69 . 2-60 
5-22 7-02 
5- 19 ^-60 

3-59 i 4 46 



April 


May 


410 


6-86 


711 


7-76 


3-87 


2 02 


8-76 


4-73 


211 


4-04 


6-83 


5-07 


1-93 


2-93 


3-26 


7-20 


2-89 


6-80 


2-76 


0-31 


5-58 


779 


2-10 


6-30 


0-21 


1-39 


i3-97' 


5-35 



.lune 


July 


307 


2-93 


323 


8-29 


508 


3-20 


0-25 


2-58 


1-90 


2-72 


3-68 


2-85 


700 


5-28 


4-89 


0-84 



4-31 
5-40 
3-07 
3-23 
312 



3-28 
2-45 
2-44 
2-98 
2-96 



4-20 ' 3-76 



Aug. 1 aept. 


Oct. 

1-98 


Nov. 
2-67 


Dec. 
6-61" 


Total 


1108 3-22 




502 3 17 


6-88 206 


579 


57-85 


4-02 518 


3-29 i 3-23 


4-47 


41-64 


612 5-63 


1-91 


2-49 


401 !6711 


5-53 3-38 


310 


6-37 


4-97 42-26 


5-66 


4-61 


2-40 


4-47 


1-77 


48-93 






■ 4-31 


409 




1-57 


1-38 


4-33 315 


401 


52-52 


4-21 


6-17 


3-35 4-96 4-38 


50-95 


10-53 


2-59 


5-91 3-50 2-70 


51-29 


7-27 


8-40 


0-93 i 4-31 


2-47 


61-70 


1-95 ,3-27 


13-29 j 3-58 


6-35 


58-46 


2-11 ■ 1-40 


5-37 : 3-43 


219 


46-35 


5-52 ' 403 


4-31 3-73 


4"-f4 


51-26 



Table XII shows the total fall of snow for each month in inches, 
also the monthly means and the total annual fall. The mean annual 
fall is 51-17 inches, ami all this fell from November to April inclusive. 
Snow occasionally falls in October and !May, but no such case oc- 
curre<l (lurinu; the twelve ami a half years embraced by these obseiv 
vations. 
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Table XIL — Fall of 9noWy in inches^ WaUingford^ Conn. 





January. 


February. 


March. 


AprlL 


November. 


December. 


Year. 


1856 











2i 


12f 




1857 


27i 


2f 


10 








6 


46i 


1858 


4 


5 


13^ 





13 


3 


38i 


1859 


31 


13 


6 








H 


55i 


1860 


IH 


in 


Oi 


Oi 





m 


40i 


1861 


20 





27 


9 


4 





60 


1862 


16 


19 


4 











1864 










2 


16 




1866 


Hi 


2 











10 


23i 


1866 


IH 


6 


3 








lOi 


33 


1867 


26 


16 


16 





6 


14i 


78i 


1868 


27 


12^ 


15 


15 





12 


81i 


1869 


5 


13 


13 





2 


15 


48 


1870 


6 


16 
1015 


19 
10-58 


2 

2-04 





^ 


50 


Mean. 


16-6'J 


2-27 


9-44 


5117 



Table XIIL — No. of days when rain or snow feU^ Wallingfordy Ct 



12 

6 

8 

8 

11 

13 



1856 
1857 
1858 
1859 
1860 
1861 
1862 
1864 
1865 
1866 
1867 
1868 
1869 
1870 I 17 



Jan. . Feb. 



I 



8 
5 

12 
7 
6 

10 



I 



4 

7 

6 

8 ! 11 

4 ! 6 

! 6 



Mean I 8*66 > 7-33 > 6*92 



Mar. 


April 
7 


May 

13 


June 
9 ! 


July 1 
9 


AUR. 

10"- 


Sept. 1 

■ 7 ; 


8 ' 


8 


18 


9 ; 


10 


10 


6 , 


7 . 


8 


10 


6 < 


8 


8 


•'i 1 


8 1 


6 


9 


13 ' 


5 


7 


8 1 


6 


10 


6 


8 


9 


8 


^ 1 


9 


9 


8 


10 


9 


6 


6 1 


8 


6 


9 


12 


7 






8 


7 


13 


6 


8 


4 


6 


4 


6 


10 


9 


7 


10 


11 i 


7 


8 


12 


7 


11 


9 


5 


5 


7 


9 


7 


4 


7 


10 


8 


5 


8 


9 


6 


3 


1 3 1 


5 


7 


ft 


9 


6 


1 


' 4 ' 


6-92 


7-23 


9-85 


«-'77 


7"-6"2 


7-42 


' 6-25 1 



Oct. 


Not. 


Dec. 


5 I 


8 


9 


9 1 


6 


12 


7 1 


9 


13 


4 


6 


8 


8 


9 


6 


8 


7 


4 




10 


11 


6 


5 


8 


5 


6 


7 


4 


5 


8 


7 


6 


4 


11 


6 


8 


7 


5 
7-33 


7 


6-75 


808 



Total 

110 
92 
94 
90 
93 



83 

87 
86 
85 
77 
88 

92 



Table XIII sliows tlie nunibor of days for each month of each year 
during which rain or snow fell. A <lay is here regarded as 24 consec- 
utive hours. The record sometimes mentions rain or snow as having 
fallen during tlie day time, and also during the preceding or succeed- 
ing night. Such cases are counted as but one day, except when the 
duration of tlie fall exceeded twenty -four hours. In a few of the 
cases here enumerated, the amount of the rain or snow which fell was 
too small to be measured. From April, 1866, to August, 1862, the 
record was kept for the Smithsonian Institution, and in conformity 
with their instructions special care was taken to record the time of 
the beginning and end of each fiill of rain and snow. In the subse- 
quent obser\'^ations, which were not made for the Smithsonian Institu- 
tion, less care was observed to note the time of beginning and end of 
the periods of rain and snow. This may perhaps explain the fact that 
the total number of days when rain or snow fell during the years 1 866 
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to 1862, exceeds the totals for the subsequent years. The average 
number of days each year when rain or snow falls is 92 ; or almost 
exactly one day in four. The c^reatest number of rainy days occurs 
in May, and the least in Sej>tember. Comparing Table XIII with 
Table XI, we see that the amount of the rain for different months is 
not exactly ])roportional to the number of rainy days ; for while dur- 
ing the three winter months the number of days of rain or snow is 
somewhat greater than for either of the other seasons, and is decidedly 
greater than for the autumn months, tlie amount of the precipitation 
is sensibly less. 

The following Table shows the cases in which the fall of rain was 
unusually great. The extraordinary rain of October 3d and 4th, 1869, 
caused an extensive flood, wliich occasioned no little destruction of 
property. 

Table XIV. — Unnsual falls of rain. 



Kaln bpgAn. 


Dunitluu. 


Ain't in inclu'S. 


Rain iMtgan. 


Am't in Inches. 


1856, Aug. 19, 4 W M. 


29 liour8 


3-30 


1867. Oct. 29 


3-72 


1857, July 23, 3 a. m. 


8 " 


4-58 


1868, Sept 5 


318 


1857. Oct. 20, A.M. 


___ tt 


3 04 


; 1869, Oct. 3 


2-94 


1858, Sept. 15, 8 i». M. 


19 *' 


304 


1869, Oct 4 


4-97 


1862, Juno 3, 3 p. M. 


13 " 


3-29 


' 1870, Apr. 18 


2-86 



The following Table sliows tlie cases in which the fall of snow was 
unusually great. 

Table XV. — Unusiutl falh of snow. 



Snow bcKftn' 


Duration. 
24 hours 


Am't In inchcH. 
6 


8uow betran. 
1866, Dec 26 


1 Am't In Inches. 


1856. Doc. 22, 


3 V. M. 


6 


1856, Doc. 23, 


3 p. M. 


18 " 


5 


1867, Jan. 17 


12 


1857, Jan. 3. 


A.M. 


t( 


8 


1867, Jan. 21 


6 


1858, Feb. 19, 


3 p. M. 


28 '' 


5 


: 1867. Feb. 20 


5 


1868, March 8, 


3 p. M. 


(( 


10 


1867, Feb. 21 


10 


1868, Nov. 28, 


7 A.M. 


• • 


8 


1867, Mar. 17 


11 


1859, Jan. 3, 


8 P. M. 


20 •' 


30* 


■ 1868, Jan. 21 


6 


1859, March 3, 


8 P. M. 


16 " 


6 


1868, Jan. 20 


9 


1860, Jan. 11, 


P. M. 


___ ■( 


6 


, 1868, Mar. 2 


10 


1860, Fob. 15, 


5 P. M. 


27 " 


9 


' 1868, Mar. 21 


5 


1860, Dec. 4, 


10 A.M. 


22 " 


10 


1 1868, Dec. 5 


10 


1861, March 20 


P. M. 


u 


10 


1 869, Jan. 1 


5 


1861, April 1, 


5 P. M. 


20 " 


S 


1869. Feb. 26 


10 


1862, Jan. 6, 


3 A. M. 


18 '' 


5 


1869, Doc. 6 


13 


1864, Dec. 9, 


P. M. 


(i 


7 


1870, Feb. 8 


10 


1864, Dec. 31, 




" 




1870, Feb. 28 


5 


1865, Jan. 4, 




i( 


6 


1870, Mar. 7 


6 


1866, Jan. 7, 




u 


5 


1870, Mar. 13 


8 


1866, Jan. 25, 




(' 


5 


1870, Mar. 16 


5 



* This snow stomi was one of unusual sevority, and caused a general interruption 
of travel upon the railroads. 



VII, Design for a Bridge across the East River, New York, 

AT BlAC3!lWELL^S IsLAND. 



It is proper to say that the design for a bridge crossing the East 
River at Blackwell's Island, New York, described in the following 
paper, was intended only as a solution of a special problem in Engin- 
eering, applicable to long spans in certain localities ; and that it does 
not assume to be more than a suggestion in connection with the 
a(;tual execution of a bridge across the East River. It is intended 
to show that if objections to such a project shall arise on account of 
the popular apprehension of the defects of the ordinary suspension 
bridge, there is still a practical form of structure which may be era- 
ployed with equal and perhaps greater advantage for bridges of 
long span. 

The suspension system, although apparently the only one available 
beyond the limits of the straight girder and arch, presents inherent 
defects, which to say the least are a constant source of popular appre- 
hension. It is, however, the only system possible for very great 
spans, and the object of the form of bridge which I wish to present, 
as particularly applicable to the case presented at Blackwell's Island, 
is to supply a link between the straight girder, or tube, and the sus- 
pension system. Thei*e is an interval in the lengths of spans beyond 
the practicable limits of the single girder, which 1 think this form of 
construction w^ill fill with advantage in stability, strength, and stiff- 
ness over the suspension bridge, and advantage in economy over the 
simple girder. 

The bridge at Blackwell's Island, when completed, must become a 
great thoroughfare between two populous districts, and should not 
only possess the elements of strength and stability, but of stiffriess, or 
immobility, under passing loads, under the action of high winds, and 
under the influences of changes of temperature. 

Blackwell's Island divides the East River at New York into two 
channels, each about 600 feet in width. At the location deemed most 
favorable for a high bridge, opposite 76th street, the east channel is 
600 feet in width from high-w^ater mark to high-water mark, the west 
channel being at the same point about 670 feet. This being a point 
at which the section of the water-way in depth is greater than it is 
either above or below, it will be practicable, if deemed desirable, to 
make both spans of the bridge 600 feet, one of the piers of the west 
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channel being built a slight distance out from the shore line. With 
the spans first mentioned, however, all the piers may be built without 
expensive coffer-dams and with rock beds for foundations. 

For these spans, taking into consideration also the great altitude of 
the roadway required (135 feet), it appears evident that single straight 
girders either of the lattice or tubular form are inapplicable, both on 
account of the excessive weight required and the difficulty of erecting 
them« 

The system or design which I suggest is represented in elevation in 
sketch 1. The design may perhaps be appropriately classed with 
cantilever constructions, although differing in essential points from 
any existing structures of long span. It may be explained in detail 
by reference to sketch 2, which represents a half span. 

This sketch rej)rcsent8 a half span of one of the channels. P repre- 
sents the pier 150 feet long, 60 feet broad, and 135 feet high, built of 
masonry, but not necessarily solid throughout. A B represents the 
vertical elevation of a tubular chord or strut extending from A, the 
middle of the span, across the pier, and resting upon it, to B. There 
are three of these chonls or struts, one at each side, and one in the 
middle of the breadtli of the pier. These chords being designed to 
sustain thrusts only, will be about 4 feet square in cross section, of a 
tubular form, made of iron plates ; and as the thrust towards the pier 
will increase uniformly from A, where it is 0, to the pier, the section of 
the material will be increased towards the pier by adding plates to 
the interior of the tubes. 

Upon these three tubes or chords, and forming part of them, will be 
built three iron towers (T), firmly braced laterally to each other. 
These towers will be 1 50 feet high. A T and B T represent iron sus- 
pension or stay-rods, placed at distances of about 10 feet apart; each 
rod A T having a corresponding stay- rod B T. The lower ends of 
each pair of rods, A T and B T, are firmly attached to the tubes or 
chords and the upper ends to short pendulums, the design of which 
is to insure eciuality of strain in the corresponduig rods A T and B T. 
At the points where the rods B T are attached to the tubes, anchor- 
ing-rods attachetl to the tube pass down into the pier through well- 
holes, at the bottom of which they are secured, by cross bare, to the 
masonry. 

The widths of the towers at the base is such as to secure perfect 
stability, the downward thnists always striking near the centre of 
the base of each tower. There are two sets of parallel rods AT, and 
two sets B T, in pairs, for each tube or chord, making six sets of 1 7 
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each, or 102 rods A T and 102 rods B T. The rods for the outer tubes 
are 2f inches diameter, and those for the inner tube 3^ inches diame- 
ter. These latter being heavier, because double weight, or half the 
weights of both roadways will be borne by the middle system of rods. 

The rods are all kept from deflection under the action of their own 
weight by braces, shown best in sketch 2. The object of this will be 
explained in the proper place. 

It will now be seen that the structure A T B, consisting of the lower 
chords, the towers and the stay-rods (all of wrought iron) constitute 
a liomogeneous structure entirely independent of the pier, but resting 
upon it — the pier, through the anchoring rods, forming the counter- 
weight, which prevents the overturning of the half-span when it is 
loaded. 

This structure is first to be examined under the action of its own 
weight. 

1. The horizontal chord from A to D is sustained by the stay- 
rods AT, and tliere vaW be developed in this chord neither a bendiiig 
movement nor shearing force, or rather the shearing force will be dis- 
tributed equally along the chonl at the points of suspension, and the 
only strains or stresses that need be taken into account in this chord 
are the thrusts which increase unifonnly from A to D. In a strut of 
this length the yielding under pressure is apt to take place by bend- 
ing. The bending cannot take place laterally, because the three hoi^ 
izontal chords are flrnily braced by diagonals in this direction. 
Neitlier can the bending take place downwards at any point ; and 
the only yielding that can occur will be from tlie rising of the middle 
of the chord. To counteract this tendency, a light truss shown in 
tlie drawing is ])laced uj»on each cliord, forming part of it. These 
trusses form at the same time the side railings or guards of the bridge. 

The tension or stay-rods A T will evidently sustain all the perma- 
nent load, including their own weights, this load being transferred to 
the pier through the action of the counter-rods B T and the anchoring- 
rods. llie tensions of these rods will all be equal, if we neglect the 
weights of the rods ; an<l the stresses upon tlie lower chords, the tower, 
and any stay-rod, will be relatively as the sides of the right-angled 
triangle formed by the stay-ro<l, the chord at bottom, and the tower. 
For the longer rods tlie upj)er joints or sections should be increased 
slightly in diameter, since they have to bear, as a part of the perma- 
nent load, their own weights. Under this condition of things no 
cross strain can come upon the tower, and the thrusts will diminish 
uniformly from the top to the bottom, 
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2. If the lower chord be uniformly loaded^ the same principles 
and reasoning apply. If loaded at separate points, it will be observed 
that the strains arising from any load will be transmitted through the 
stay-rods nearest it directly to the anchoring-rods in the pier; and 
thus it will be impossible for several loads to concentrate their effects 
upon any one, two, or three sets of rods. This condition will give 
stiffness, or freedom from vertical vibration, under moving loads. The 
only vertical oscillation that can arise under these circumstances will 
occur from the stretching of the ro<ls under the tensions brought upon 
them. This will be so small in amount as to be inappreciable. In some 
suspension bridges this elasticity of stay-rods is a dangerous element, 
however, because the shorter rods may be stretched beyond their limits 
of elasticity, from the greater extension of the longer rods. This cir- 
cumstance has not usually been taken into account in suspension bridges, 
and frequent disasters have occurred from the unaccountable giving 
way of the stay-rods. Long rods will stretch more than short rods, 
of the same diameter, in the exact proportion to their greater length, 
and even more on account of their additional weight ; and if two such 
rods of greatly unecjual lengths support equal loads, this element of 
elasticity should be taken into account. There are two modes of 
doing this ; one is to increase the diameter of the longer rods with 
especial reference to this stretching, and the other to pennit the plat- 
form of the bridge to yield to accommodate itself to the increased 
length of the rods. Tliis plan is adopted hi the construction under 
consideration. The stay-rods being all parallel, and not being all 
brought from the top of the tower, the stretching of the rods under 
passing loads will increase from the pier, where it is nothing, out- 
ward to the point A, and this end being unattached, all the points 
of suspension from the pier outward may move in proportion to the 
stretching of the rods, in small arcs of circles having a conwnon cen- 
ter at the pier. Thus the movement of the platfonn so adjusts itself 
that the limits of elasticity will be reached at the same instant in all 
the stay-rods ; and no injurious bending or shearing strain can be 
thrown upon the platform near the pier. 

3. Action under change of Temperature. — This is one of the most 
important considerations in all iron bri<lges of long span. In this 
structure it is evident that the only effect of change of temperature 
will be to cause an outward or inward movement of the points A and B, 
and an upward or downward moveinent of the point T, without dis- 
turbing the lines of direction or causing a movement of sliding hori- 
zontally on the pier, the structure AT B being homogeneous and inde- 
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pendent of the pier. No deflections and no hurtful sliding move- 
ments are therefore possible from change of temperature. In the sus- 
pension bridge both of these consequences follow a change of tempe- 
rature. To secure this important condition, perfectly, the deflections 
of the stay-rods by their own weights are ])revented by a system of 
braces shown in sketch 2, the only object of which is to keep the 
stay-rods in right lines, and thus preserve the true triangular struct- 
ure. The weight of these supporting braces adds only about 12 tons 
to each span of 600 feet. 

4, The lateral stability of the structure is provided for by diagonal 
bracing between the horizontal chords and between the three iron 
towers ; and also by light ties of wire rope between the stay-rods. 
The above description refers to a half-span of 300 feet. To complete 
the span another similar structure is erected on the opposite side, as 
shown in sketch 1, the ends of the half chords at A not being joined 
together^ but an oj)ening of 4 J inches being left for the free movement 
from expansion. This opening is covered by the string pieces of the 
road-way and by light sli]) joints along the sides, which act merely as 
guards. 

To erect this bridge the opjjosite piers are first built up, during the 
erection of which the materials for the superstructure are made ready. 
These will l)e in duplicate, as the half spans are precisely similar. 
When the piers are completed, the half spans are built by first erect- 
ing about ten, twenty or thirty feet of the towers. Proportionate 
lengths of the chords are then built outward, overhanging the 
river, and the suspension and stay-rods attached. Another sec- 
tion of the tower is then built up, and a second section of the 
chords added. By this process the successive sections may be 
tested as the work ])rogresses, and the lines of the structure perfectly 
adjusted. The stay-rods are made in sections or parts, united by 
screw tuni buckles for this purj)ose, and thus the whole of a half 
span may be built out until the two half spans meet. An important 
feature in this process is that the strains encountered in the erection 
are precis(»ly those which the structure will afterwards be subjected 
to, and no abnonnal strains are brought to bear by uniting the half 
spans. 

It will be seen on inspection that the complete structure is analo- 
gous to a combination of two large fixed derricks or cranes, exam- 
ples of which have been so thoroughly tested in this country in the 
use of the famous Bishop's Derrick, which has been subjected to the 
most severe tests. In this bridge, however, there are arrangements 
of detail which do not occur in any existing stnicture, as far as I can 
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learn. The roadway is supported upon light trussed beams thrown 
across between tlie chords about nine feet apart. These beams have 
a depth of four feet, and a span of about 2-3 feet, and are built of T 
and angle iron. Upon these the string pieces of the roadways are 
laid. It is unnecessary to describe the manner of building the ap- 
proaches, as they are independent of the spans. To recapitulate the 
advantages of this constniction. They are — 

1. Simplicity. ' 

2. The avoidance of cross strains in all pieces of the bridge. 

3. Freedom of expansion and contraction from change of tempe- 
rature, by which deflections and sliding' motions are avoided. 

4. Stability and strength, with the least amount of material. 

5. Freedom from vertical oscillations from passing loads or high 
winds. 

6. Lateral stiffness from the horizontal diagonal bracing of the 
towers and chords. 

7. The distribution of strains among a large number of stay-rods, 
and the parallelism and independent connections of these rods. 

8. The avoidance of separate anchoring abutments distinct from 
the piers. 

9. Facility of construction and facilities for testing the strength as 
the work progresses. 

An application of this system of construction might be made ^-ith 
great advantage at the crossing of the Niagara River, where the pres- 
ent suspension bridge is built. Sketch 3 represents the valley or 
gorge of the Niagara Hiver at this ])oint spanned by such a struc- 
ture. The present suspension bridge is thrown across between two 
points of the crest B H, distant from each other about 800 feet, while 
the width of the river at the water level, 250 feet below, is only 382 
feet. If from the water's edge piers were erected of masonry to the 
height of the crests, on each side, giving the proper batter, these piers 
would be about 400 feet a])art at the top. This is not a long span. 
The longest tube of the Menai bridge is 460 feet, and trains cross that 
at full speed. It would be very easy to construct each half span 
from A to B on the land, in the prolongation of the bridge, and when 
these half spans should be completed to push them out until they 
should meet in mid-channel ; then to unite them firmly as a single 
girder. This girder might have the tubular form, and the bridge 
would then possess all the elements of strength and stiffiiess of the 
Menai bridge, with the additional security of the counterbalanced 
half spans. 



VIII. On the Mean Direction and Force of the Wind at New 
Haven, Conn. ; prom an extended series of Observations 
REDUCED BY Francis E, Loomis, Ph.D., Professor OP Physics 
IN Cornell University, Ithaca, N, Y. 



Direction of the Wind, 

A meteorological journal has been kept at New Haven since 1779, 
and is well nigh continuous to the present time. These observations 
are the result of the labors of a large number of individuals, and the 
system of observation has been repeatedly changed. Nearly every 
observer made some record of the direction of the wind, but on 
account of the looseness of many of the observations and the frequent 
change of the hours of observation, it is difficult to deduce from 
them satisfactory results. There are, however, two series of observa- 
tions made with such care that the results deduced from them are 
thought to be of considerable value. 

The first series of observations extends from 1804 to 1820. These 
observations were made by Rev. J, Day, D.D., at that time Professor 
of Natural Philosophy in Yale College ; but the direction of the wind 
was estimated only for the eight cardinal points of the compass. The 
observations were made three times a day, and recorded under the 
headings M., N. and E., abbreviations for morning, noon and evening; 
and they are supposed to have been made at about the same time 
as the observations of temperature, viz: sunrise, 1 p. m, and 10 p. m. 
The direction of the wind was probably indicated by an ordinary 
vane on some church spire in the immediate vicinity of Yale College. 

The second series of observations extends from 1844 to 1852, during 
which time the observations were made five times a day, and the 
directions were estimated to 32 points of the compass. The observers 
were Col. Enos Cutler and Mr. Francis Bradley. Occasionally during 
the summer months the observations were suspended, so that while 
for certain months the records are pretty complete for eight or nine 
years, for other months the records are complete for only five years. 

The hours of observation were not perfectly uniform, but did not 
vary greatly from 6 and 10 a. m., 2, 6 and 10 p. m. The mean hours 
of observation for the different years are stated in the Transactions 
of the Connecticut Academy, Vol. I, Part I, page 225, etc. It is pre- 
sumed that the direction of the wind was derived from a vane placed 
apon some convenient church spire, and it is probable that the same 
vane was not employed throughout the entire series of observations. 
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286 Direction of the Wind^ ?^etc Ilaven^ Conn, 

In order to determine the mean direction of the wind for each of 
the hours of observation for each month of the year, the number of 
times that each direction occurred during the month for each of the 
hours of observation was counted, and the sum of the corresponding 
numbers for tlie entire period of years was taken. These numbers 
are given in Table I, pages 270-273, and Table II, pages 274-285. 

The mean direction of the wind for each of the hours of obsen-a- 
tion was obtained by solving a traverse in which the number of times 
that each wind was recorded was regarded as the distance traveled. 
The mean direction of the wind thus obtained for each of the hours 
of observation, and for each month of the year, is given in Table III. 
The angles are reckoned from tlie North point around the circle 
through the West and South. 

Table III also shows the ratio of the wind's progressive motion in 
its mean direction to the total distance traveled, for each hour of 
observation. These numbers were obtained as follows : Having com- 
puted the mean direction of tlie wind for each hour, the absolute 
length of the line indicating its <lirection was computed trigonometri- 
cally, and the number representing this line was divided by the 
number of observations for that hour, without regard to direction. 
When these ratios are large it shows that the direction of the wind 
was comparatively steady ; when tlie ratios are small it shows that 
the direction of the wind was extremely variable. 

If we compare the direction of the wind as deduced from the first 
series of observations with the direction as deduced from the second 
series, we shall find considerable discrepancies. Table IV, Part I, 
shows the result of such a comparison. From the month of October 
to the month of March inclusive, the directions in the first series are 
more westerly in every instance, except for March at 6 p. m. During 
the remaining six months of the year the two series present still 
greater discrepancies. These difierences are larger than was antici- 
pated, and are not easily explained. The observations of the second 
series were principally made at a station about half a mile nearer the 
harbor than the first series; but this circumstance does not seem 
sufticient to account for so large dififereiices as appear in the results. 

It is suspected that in the first series of observations the direction 
of the wind recorded for M. and E. was not designed to give the 
direction noticed at any fixed hour, but rather the prevalent direction 
for the forenoon and ailemoon. Such a result, deduced, as it probably 
was, not from several recorded observations, but from casual obser- 
vations of the vane loosely preserved in the memory, could not claim 
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much precision ; and that no great precision was aimed at is shown by 
the fact that the winds w^ere only recorded for eight points of the 
compass. There is no doubt that the second series of observations is 
more reliable than the first, for the directions were estimated to 
thirty-two points of the compass, and the precise time of each obser- 
vation was carefully stated. 

Table III. — Hourly Means. — First Series. 
Direction of the Wind, New Haven, Conn,, 1804-1820. 



N. 
B. 



Jib. 


o 
48-3 

68-9 

60-7 



Feb. j Mir. | Apr. i Miy. i Jine.j Jnly. Ang. 



o 
46-7 

65-5 

69-6 



o 
29-2 

76-8 

61-5 



o 
19-7 



o 
14-2 



139-2 11734 
! 82-0 !l33-l 



o 
50-6 

163-8 

133 I 



o 
64-4 



o 
29-7 



|160-4 169-8 
132-4 124-5 



Sept 


Oft. 


Not. I 

1 


o 
33-6 

127-4 

87-0 


o 
41-4 

943 

87-4 


1 

46-3 
67-8 1 
73-8 1 



I>e€. 

o 
571 

63-3 

631 



Ratio of the WincPs progressive motion in its mean direction to the 
total distance traveled. New Ifaven, Conn., IS04-\S20. 



Jib. Feb. 



0-492 10-446 



Mir. Apr. ' Miy. i Jue. 



0-424 0-336 ,0 240 0-215 



N. '0-409 0-319 !0-205 '(1088 0169 0309 
B. '0-469 10-368 !o-275 '0184 0-135 0294 



jBly. 



0-279 
0-466 



Aug. 



0-294 
0-263 



0-435 !0-299 



Sept I Oft. 



Not. 



0-436 |0-419 0-416 
0-169 10-227 0-278 
0-277 .0-347 lo-369 



iiee. 



0-481 
0-428 
0-477 



Hourly Means. — Second Series. 
Direction of the Wind, New Haven, Cofin,, 1844-1852. 





Jib. 


Feb. 


Mir. 


Apr. 


Miy. 


Jine. 




o 


o 


o 


o 





o 


6 A.M. 


37-5 


291 


22-6 1 7-1 


3461 


51-9 


10 


43-4 


317 


290 1 42-7 


2461 


93-8 


2 P.M. 


49-6 


47-6 


59-8 1 148-3 


188-7 


160-6 


6 


51-5 


48-2 


60-0 1134 3 195-3 


145-9 


10 


52-3 


461 


66-1 


109-5 


178-6 


141-4 



Jily. I Aug. 



o 
42-9 

350-7 

155-1 

158-5 

144-2 




29-6 
51-2 
62-4 
54-6 



I>e€« 



o 
33-3 

33-4 

44-5 

46-8 

471 



liatio of the Windrs progressive motion in its mean direction to the 
total distance traveled. New Haven, Conn,, 1844-1862. 





Jm. 


Feb. 

0461 


Mir. 


Apr. 


6 A.M. 


0-463 


0-440 


0-346 


10 


0469 


0-421 


0307 


0-034 


2 P.M. 


0-366 


0-355 


0-197 


0-194 


6 


0-377 


0-396 


0-249 


0-129 


10 


0-367 


0-389 


0-257 


0-115 



Miy. 

0-200 
0-147 
0-253 
0226 
0-133 



Jnie. 



0-214 
0140 
0-412 
0-359 
0-319 



Jnly. 



0-210 
061 
0-351 
0-322 
0-282 



Aug. 



0-197 
0133 
0-347 
0-304 
0-299 



Sept. 



0-369 
0-328 
0-076 
0-070 
0-043 



Oft. 



0-475 
0-340 
0-052 
0063 
0-094 



Not. 



0-468 
0-424 
0-278 
0-272 
0-294 



Dec 



0-546 
0-494 
0-473 
0-446 
0-417 



In order to present the results of the second series of observations 
palpably to the eye, the curves shown on Plate XI have been drawn 
upon the same principle as those given on Plate VIII to represent the 
observations at Wallingford, Conn. These curves were constructed 
in the following manner : The wind's mean direction for January at 
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6 A. M. was set off by means of a protractor (a vertical line upon the 
paper being taken to represent the meridian), and a line half an inch 
in length was drawn in this direction. From the extremity of this 
line the wind's direction for 10 a. m. was set off, and another line 
drawn of the same length as before. In like manner were drawn the 
directions for each of the hours of observation. We thus obtain a 
broken line, which may be regarded as representing the average 
progress of a particle of air for each hour of observation through the 
month of January, supposing the wind's velocity to be the same at 
all hours. In like manner the curves for each of the twelve months 
were constructed. 

Table IV, Part 1. — Differences between the mean directions of the 
Wind at New Haven^ Con//., as determined by the two series of 
observations. 



Jtn. ! Feb. 



Mar. I Apr. 



6 A.M. i + 10-8| + 16-4:+ 6-6' 
2 P.M. 1+ 9-3 +16-91 + n-0| 
6 P.M. i+ 9-2 -I-18-4I— 7-5i 



2-6 



Miy« 



+ 28-1 



91 -15-3 



Jine. Jnly 



-- 1-4I-I-21-6 
+ 3-2 + 5-3 
52-3l-62-2|-12-8i — 261 



Asg. 



4-30-8 
-12-7 
-42-4 



Sept 



+ 12-5 
-25*5 



Oct. 



+ 86-9 
+ 64-2 



Not. 



Dec 



+ 16-7J4-23-7 
+ 16-6+18-8 



-20-1 +59-2i + lll' + 16'3 



Table IV, Part 2. — Differences between the mean directions of the 
Wind at New Haven and Wallingford^ Conn, 



6 a.m. 
10 

2 P.M. 

6 
10 



Jan. 

-12-1 
-201 
-14-3 
15*8 
19-0 



Feb. 



Mir. Apr. 



May. 



5-6 +13-7|+ 7-4 

10-61+ 6-8i-32-3 

■ 6-1!- 6-7; — 930 

38i- 50,-4l-3 



+ 13 -1V7 



Jane. 



+ 114-3 

- 83-1 

- 311 



lU O 001 UU -AlO Oil 1^ — 117 — ^uo-ri^o 

-190',- 8-1!- 8-8',-32-5|+ 28 + 29-3] + 24'2!- 59| + 581 



-31-3 
-46-5 



Jnly. 



Aag. 



+ 631 +15-3 

+ 77-1+91-8 
-10-51-84-2 



- 7-2 - 7 9-20-6 



Sept. 


Oet. 


Not. 


+ 18-7 


+ 1*7-9 


+ ib-8 


+ 321 


+ 251 


+ 12-4 


-88-3 


+ 19-6 


+ 7-3 


+ 12-8 


+ 36-4 


+ 7-6 


1 + 58-1 


+ 24-6 


— 2-8 



Dec. 



3-3 
3-9 
6-5 
4-8 
12-5 



If we compare the curves thus obtained for New Haven with those 
given for Wallingford on Plate VIII, we shall find the results tolerably 
satisfactory. A numerical comparison of the observations at the two 
stations is given in Table IV, Part 2. For the month of October the 
curves at the two stations show but little difference, except that the 
direction at Wallingford is on an average twenty-four degrees more 
westerly than at New Haven. For the month of November the two 
curves bear a strong resemblance, the direction at Wallingford being 
on an average seven degrees more westerly than at New Haven. For 
the month of December the two curves bear a still closer resemblance, 
but the direction at New Haven is on an average six degrees more 
westerly than at Wallingford. For January and February the resem- 
blance of the two curves is equally strong, but the direction at New 
Haven is sixteen degrees more westerly than at Wallingford in Jan- 
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uary and seven degrees more westerly in February. In March the 
resemblance of the two curves is not quite so close, but the mean 
direction for the two stations is identically the same. 

We thus see that for the six colder months of the year the curves 
at the two stations are quite similar, but there is a diflTerence in the 
mean direction of the wind, which changes from month to month with 
such regularity that we cannot ascribe it to errors of observation. 
This will appear from the following table, in which column second 
shows the average diflTerence in the direction of the wind at New 
Haven and Wallingford for each of these six months, and column 
third shows the diflTerences between the numbers in column second. 





J 

N. H» — w. 


Difference. 


October, 

November, 

December, 

January, 

February, 

March, 


+ 24^-5 
+ 71 

- 6-2 
-16-3 

- 6-8 
00 


17°-4 

13-3 

101 

9-6 

6-8 



Tlie regularity in the change of direction at the two stations is so 
great, as to indicate the operation of some physical law. Can these 
differences be reconciled with the explanation of the winds at Wal- 
lingford, given on page 249 ? It is somewhat hazardous to express 
an opinion upon this subject until we have observations from a 
sufficient number of stations to enable us to eliminate the eflTects due 
to purely local causes. We might expect that since New Haven is 
nearer to the ocean than Wallingford, the deflecting influence due to 
the warmer temperature of the ocean would be stronger at New 
Haven than at Wallingford, whereas the observations seem to indicate 
that during the winter months the contrary is true. The following ex- 
planation of these seeming anomalies is suggested : 1st, the Gulf Stream 
exerts an influence upon the direction of the winds in the vicinity 
of New Haven, which is more powerfiil than that of the nearer but 
cooler ocean ; 2nd, the diflTerence in the distances of the Gulf Stream 
from New Haven and Wallingford is so small that this cause ought 
to operate with sensibly the same energy at both stations ; but 3rd, 
New Haven is situated in a basin near the level of the sea, while 
Wallingford is elevated about 180 feet above the sea, and has a very 
free exposure. The winds at New Haven are therefore frequently 
mere surface winds of limited extent, while those at Wallingford 
correspond more nearly with the general drift of the atmosphere in 
this region. 
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These conclusions appear to be confirmed by a comparison of the 
directions of the wind at New Haven and Wallingford during the six 
warmer months of the year. In the months of April and September 
the diurnal change of direction is much greater at New Haven than 
at Wallingibrd, the wind being almost exactly North in the morning, 
and nearly South at the hottest part of the day. In May and Angnst 
the wind at both stations is nearly North in the morning and South 
in the afternoon, but with this difference, that at Wallingford the 
Westerly motion exceeds the Easterly, while at New Haven the 
Easterly motion o/ceeds the Westerly. It seems probable that the 
latter effect is confined to places but little elevated above the level of 
the sea. In June the curves at the two stations are quite similar; 
while in July the diurnal change is much the greatest at New Haven. 
We conclude therefore that the New Haven observations are not 
inconsistent with the explanation heretofore given of the winds at 
Wallingford, and that the peculiarities of New Haven result from 
local causes, among which are to be enumerated its low position, and 
perhaps also the shallow water of Long Island Sound, with Long 
Island on the south of it. It is suspected that these local winds at 
New Haven are of the nature of counter currents, analogous to the 
counter currents observed along the banks of rapid rivers, especially 
where the banks are considerably indented. 

Velocity of the Wiiid, 

In the year 1860, a Robinson's anemometer, made by L. Casella of 
London, was procured by Prof. Elias Loomis for Yale College. The 
hemispheres are three inches in diameter, the distance between the 
centers of the opposite cups is 18*5 inches, and the distance traveled 
by the wind is recorded up to 500 miles. The anemometer was 
erected upon one of the towere of Graduates' Hall at an elevation of 
65 feet from the ground, where the exposure was entirely unob- 
structed. In December, 1863, regular observations were commenced 
by Prof. Loomis, and have been continued to the present time. The 
observations were made at intervals of one, two or three days, 
according as was found convenient, the object being simply to deter- 
mine the average velocity of the wind for each month of the year. 
It was soon found that the velocity indicated by the observations was 
smaller than had been expected, and it was suspected that the instru- 
ment was not entirely reliable. After the observations had been 
continued for two or three years. Prof. Loomis decided to procure a 
second instrument from a different maker. He accordingly requested 
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Table V. — Velocity of the Wind^ Neto Haven^ Conn. 



Month. 


Year. 


ObKervatlonB compared. 

d. h. d. 
Jan. 2 11 Feb. 1 


h. 


Inter- 
val. 

"hT ~ 
724-5 


Miles traveled. 
Caaella.Negrettl 

4060 ' .... 


Mean hHy veloc. 
OaMlla.lNe«retti 


Mean. 
CAN. 




1864 


1' 
6-60 i ... I 




1865 


Jan. 


1 4 


Jan. 31 


U 


717-6 


4096 ! 


5-71 1 ... ! 


^ 


1866 


Jan. 


1 U 


Jan. 31 


U 


720-0 


4690 1 


6-51 ; ... 1 


W 


1867 


Jan. 


1 12 


Jan. 31 


3 


723 


4205 


6-82 1 ... , 


s 

i 


1868 


Jan. 


1 5 


Feb. 1 


3 


7420 


4130 ! 4260 


6-57 ; 5-74 1 


1869 


Jan. 


2 4 


Jan. 31 


4 


696-0 


3750 3956 


5-39 j 5-69 


►» 


1870 


Jan. 


2 1 


Jan. 31 


3 


6980 


4260 1 4212 


6-09 1 604 1 




1871 


Jan. 


2 11 


Jan. 30 


2 


6750 


4215 ' 3993 


625 5-92 






Mean 












1 


5-87 1 5-85 


6 31 





1864 


Feb. 


1 


3i 


Feb. 


23 


«i 


1 


1865 


Jan. 


31 


li 


Feb. 


27 


1 


• 


1866 


Feb. 


1 


H 


Feb. 


28 


li 


1867 


Jan. 


31 


3 


Feb. 


28 


4 


9 1 


1868 


Feb. 


1 


3 


Mar. 


1 


8 


1869 


Jan. 


31 


4 


Feb. 


27 


4 


^ 


1870 


Jan. 


31 


3 


Feb. 


28 


4 


1 


1871 


Jan. 


30 


2 


Fob. 


28 


12 




Mean 















s 



I 



s 



I 



8t>4 

865 ; 

866 I 

867 I 

868 I 

869 < 

870 I 

871 ' 

Mean 



Mar. 
Feb. 
Mar. 
Feb. 
Mar. 
Feb. 
Feb. 
Feb. 



5 
27 

1 
28 

1 
27 
28 
28 



10 
1 

li 
4 
8 
4 
4 
12 



Mar. 31 
Mar. 31 
Mar. 31 
Mar. 31 
April 1 
April 1 
April 1 
Mar. 31 



5 

li 

li 
6 

5 

8 

6 

12 



6210 
647 5 
648-0 
6730 
6890 
648-0 
673 
6940 



6310 
768-5 
7200 
7460 
7530 
784 
7690 
7460 



3553 
4430 
4770 
4765 
4116 
4366 
6085 
4528 



« « « w 


6-82 


m ^ ^ m 


6-84 





7-36 





7 07 


4179 


5-98 


4283 


6-74 


5300 


7-59 


4339 


6-52 



6-86 



607 
6-61 
7-87 
6j26 

6~70 



7-38 



4630 
6625 
4590 
4930 
4444 
5260 
5526 
4642 



I 



4277 
6054 
6523 
4401 



7-34 


... 


7-32 




6-38 





6-61 





5-90 


668 


6-71 


6-45 


719 


718 


6-22 


5-90 


6 71 


6-30 



7-16 




April 2 
April 1 
Mar. 31 
Mar. 31 
April 1 
April 8 
Mar. 31 
Mar. 29 
Mar. 31 



1 

U 

6 
5 

3 



May 1 5^ 

April 26 Hi 

April 80 5 

May 1 6 

May 1 8 

May 3 9 

April 30 4 I 

May 1 4 i 



696f 
598-5 
723-5 
7440 
7180 
597-0 
7900 
7690 
7460 



5642 
4875 
4615 
4720 
4962 



4538 
4017 



4520 ' 3598 



4723 
4094 



4856 
3835 



809 
8-15 
6-38 
6-34 
6-91 

5-70 

614 
6-49 

6-65 



610 I 

6-99 I 

6-03 

6-32 

5-14 j 

6^2 I 



7-16 



864 
865 
866 
867 
868 
869 
870 

Mean 



5i 

12i 



5 



May 1 
May I 
April 30 
May .1 6 
April 30 10 
AprU 29 4i 
April 30 4 



June 
June 
Juno 
June 
May 
June 
May 



1 
1 
1 
1 

31 
1 

30 



864 
865 
866 
867 
868 
869 
870 

Mean 



June 

June 

June 

Juno 

May 

Juno 

May 



1 
1 
1 
1 

31 
1 

30 



4 
4 

u 

12 
4 
9 
4 



July 1 
June 30 
June 30 
Juno 30 
June 28 
July 1 
.InlV 2 



4 
4 

u 

12 
4 
9 
4 



^ 

7 

H 

4 

5 
4 
5 



744f 


4279 





5-74 




, 675-5 i 3830 





6-67 


1 


771-5; 4645 




6-02 


1 


7380 


4351 


4330 


5-89 


6-87 


7500 


4247 


4346 


5-66 


5-79 


784-5 4013 


4195 


5-12 


6-61 


7200 


8749 


3861 


5-21 
5-62 


5-36 
5-66 



6-09 



721-5 
6990 
696-0 
670-0 
6730 
7270 
7930 



3239 
2965 
3235 
3921 
2804 
2594 
3074 



8818 
2906 
2590 
2890 



4-49 
4-24 
4-65 
5-85 
417 
3-57 
3-88 

4-41 



5-70 
4-32 
3-56 
3-65 

4-31 



4-72 



292 



Direction of the Wind^ New Ilavefi^ Cofin, 



'Table V^^x)ntinue€L 



• 

5 










Miles traveled. 


Mean b*1 


S Year. 


OlMiervatlon* compared. 


Inter* _ . . 
^**- CaaelU.'Neffrettl'CaselU. 


o 








d.' h." 


d. h. 


~ h. " 






1864 


July 1 5i 


Julv 29 10 


664-5 3024 


• • — • 


4-70 




18G5 


June 30 7 


July 27 9 


6380! 3285 





5-15 




1866 


June 30 1 ^ 


July 31 5 


747-5 1 3060 





4-09 


^ 


1867 


June 30 4 


Aug. 2 6 


794-0 


3313 


3340 


4-17 


f 


1868 


Juno 28 5 


Aug. 1 6 


817-0 


2956 


2782 


3-62 


>9 


1869 


July 1 4 


Aug. 3 10 


7860 


3160 


2970 


402 




1870 


June 28 5 


Julv 29 7 


7460 


3140 


3217 


4-21 




Mean 












4-28 



421 
3-41 i 
3-78 ' 

4-31 

I 

3-93 I 4-57 



1864 Aug. 13 5 Aug. 29 6 



I 



1866 
1867 
1868 
1869 
1870 

Mean 



July 31 6 
Aug. 2 6 
Aug. 1 6 
JiUv 29 10 
July 29 7 



Aug. 31 
Sept 2 
Aug. 31 
Sept 1 
Sept 1 



7 

H 
3 

12 

2 



385-0 


1685 





4-39 


746-0 3190 


■;;; 


4-28 


733-5 


2765 


2843 


3-77 


717-0 


2720 


2820 


3-80 


8140. 3153 


2966 


3-87 


811-0; 3016 


3025 


3-72 








3-97 



3*88 
3-93 
3-64 
3-73 



3-79 , 4-27 






1864 

1865 i 

1866 I 
1867 

1868 . 

1869 I 
1870 

Mean 



Sept 11 5 

Sept 10 5 

Aug. 31 7 

Sept 2 7^ 

Aug. 31 3 

Sept 1 12 

Sept. 1 2 



Oct 1 
Sept 30 
Sept 30 
Sept 30 
Oct 1 
Oct 1 
Oct. 1 



2 
5 
4 
o 
4 
8 



476-5 
477 
7180 
680-5 
7460 
724-0 
714-0 



3113 
3061 
2885 
3091 
8375 
2857 
3020 



3031 
3630 
2799 
2856 



6-53 
6-42 
4-02 
4-54 
452 
3-95 
4-23 

4-89 



4-45 

4-87 
3-87 
4-00 

4-30 



1864 
1865 
1866 
1867 
1868 
1869 
1870 

Mean 



Oct 1 
Sept. 30 
Oct 1 
Sept 30 
Oct. 1 
Oct 1 



H 
2 

3i 
4 
5 
4 



Nov. 1 1 



Oct. 1 8 



Nov. 

Nov. 

Nov. 

Nov. 

Oct 

Oct 



1 
1 
1 
1 
30 
31 



8 

5 

12 

4 
3 
9 




762-0 
745-5 
764-0 
7430 
695-0 
721-0 



3956 
3685 ! 
3245 
4965 ' 



5*54 
5-45 
5-40 
509 
4-86 
4-58 
6-56 



618 
4-96 
4-68 
6-88 



I 



1864 
1865 
1866 
1867 
1868 
1869 
1870 

Mean 



Oct 31 1 
Nov. I 8 
Nov. 1 5 
Nov. 1 12 
Nov. 1 4 
Nov. 2 10 
Oct 81 9 



Nov. 30 
Dec. 1 
Nov. 30 
Dec. 1 
Nov. 30 
Nov. 30 
Nov. 30 



2 
4 

8 

4 

4 

12 



721-0 
728-0 
6960 
7160 
696-0 
6780 
723-0 



4250 
4915 
4295 
4339 
4192 
3979 
5562 



4256 ' 
4209 
4021 
5517 



5-90 
6-75 
618 
6-06 
602 
5-87 
7-68 



5-94 
6-05 
5-93 
7-63 



6-35 6-39 



5 25 



■ 6-35 i 5-42 5-80 



6-82 



I 






1863 
.1864 
1865 
1866 
1867 
1868 
1869 
1870 

Mean 



Dec. 2 11 
Dec. 1 1 
Dec. 1 4 
Nov. 30 
Dec. 1 
Nov. 30 
Nov. 30 



5 
8 
4 
4 



Nov. 30 12 



Dec. 
Jan. 
Dec. 
Jan. 
flan. 
Jan. 
Jan. 
Jan. 



22 
1 

31 
1 
1 
2 
2 
2 



3 
4 
4 

12 
5 
4 
1 

11 



4840 
747-0 
7200 
763 
7530 
792 
789-0 
791 



3592 7-42 ; ... 

5370 719 

4730 ' 667 

4865 6-38 

f>420 5232 7-20 695 

4783 4976 6 04 629 

4909 4894 622 620 

5423 j 5290 6-86 669 

6"-73 6-53 i 7-23 
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Mr. Glaisher, who has charge of the Meteorological Department of 
the Greenwich Observatory, to select an anemometer similar to one 
of those in use at Greenwich, to set it up in proper position and 
observe it carefully for a sufficient time to determine its error as 
compared with the Greenwich instruments. Mr. Glaisher promptly 
acceded to this request, and selected a Robinson anemometer made 
by Negretti & Zambrii of London. The diameter of the cups was 3*8 
inches, the distance between the centers of the opposite cups was 13*8 
inches, and the instrument recorded the wind's progress up to one 
thousand miles. From a comparison continued for several weeks Mr. 
Glaisher concluded that the readings of this instrument needed to be 
increased in the ratio of 93 to 100, m order to make them accord 
with the Greenwich standards. This anemometer was received in 
New Haven in the winter of 1867, and was immediately set up on 
the same tower as the former instrument, and distant from it sixteen 
feet. Both instruments have been observed regularly to the present 
time, the observations having been made chiefly by Prof. E. Loomis. 
It is found that the results obtained from the two instruments differ 
but slightly. When the velocity of the wind is small, the Negretti 
anemometer gains somewhat upon Casella ; and when the velocity is 
great, Casella gains somewhat upon Negretti ; but in the results of 
an entire year, the diflerence between the two instruments is entirely 
inappreciable. 

Table V contains a summary of the distances traveled by the wind 
for each month since the observations commenced, according to the 
indications of each anemometer. In column 3rd are given the 
dates of the observations corresponding most nearly to the beginning 
and end of each month ; column 4th shows the included interval of 
time expressed in hours ; column 5th shows the distance traveled by 
the wind during the preceding interval according to Casella's ane- 
mometer, and column 6th shows the distance for the same interval 
according to Negretti's anemometer; columns 7th and 8th show the 
mean hourly velocity deduced from the observations with the separate 
instruments. The following table affords a comparison of the indica- 
tions of the two instruments, the velocities given for the CaseHa 
anemometer being the mean velocities determined for the years of 
observation when both instruments were employed. 

Comparison of Casella's and NegrettVs Anemometers, 



Jan. I Feb., Mar. 



Casella i 5-82 
Negretti > 5-85 



6-71 6-50 
6-70 i 6-30 



i ' 

Apr. May. Jane. July, i Ang. , Sept i Oet 



612 5-47 ! 4-37 
(J-r2 I 6-66 I 4-31 



400 3-79 
3-93 3-79 




4-31 I 6-26 6-41 668 
4-30 ; 5 42 6-39 653 



2lA 
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For the entire year, the average difference between the two instm- 
ments is less than one hundredth of a mile, and their indications may 
be regarded as identical The last column in Table V shows the 
mean velocity of the wind for each month of the year as derived 
from the indications of both instruments combined, and increased in 
the ratio of 93 to 100, or a little over seven per cent. 

Table VL — Examples of High Winds observed at Neto Hdven^ Conn, 



Beginning. 


Ending. 


Interval. 


Wind*iprogTeM, 
in miles. 


Arence reloo- 
ity, in miles. 




d. 


h. 


d. 


h. 


h. 






1863 


Dec. 9 


12 


10 


12i 


24^ 


330 


13-47 


1863 


Dec. 14 


12* 


15 


12i 


23i 


350 


14-74 


1864 


Jan. 19 


5 


20 


4i 


23i 


345 


14-68 


1864 


Feb. 16 


5i 


17 


3 


2H 


362 


16-84 


1864 


Apr. 6 


12i 


7 


n 


21i 


267 


12-56 


1864 


Apr. 19 


12i 


20 


5 


281 


353 


12-56 


1864 


Oct 28 


1 


29 


1 


24 


329 


13-71 


1865 


Jan. 23 


3 


24 


1 


22 


245 


11-14 


1865 


Feb. 5 


12i 


6 


1 


24i 


340 


13*88 


1865 


Feb. 8 


H 


9 


1 


23i 


265 


11-28 


1865 


Mar. 16 


1 


17 


1 


24 


335 


13-96 


1865 


Mar. 17 


1 


18 


1 


24 


360 


1500 


1865 


Mar. 22 


1 


23 


1 


24 


440 


18-33 


1865 


Mar. 23 


1 


24 


li 


24i 


275 


11-23 


1865 


Oct 19 


9 


20 


8 


28 


375 


16-30 


1865 


Oct 20 


8 


21 


2 


30 


385 


12-83 


1865 


Nov. 6 


8 


7 


1 


29 


335 


11-55 


1866 


Mar. 5 


H 


6 


li 


24 


376 


15-62 


1866 


Mar. 25 


1 


26 


H 


24i 


410 


16-73 


1867 


Mar. 22 


3 


23 


4 


25 


420 


16-80 


1867 


June 8 


10 


9 


5 


31 


505 


16-29 


1868 


Feb. 9 


4 


10 


3 


23 


392 


17-04 



A few examples of unusually high winds are exhibited in Table YL 
This table does not show by any means the greatest velocity of the 
wind which sometimes prevails at New Haven for a few hours, but 
only the greatest average velocity for a period of 24 hours. As the 
observations were never made at intervals less than about 24 hours, 
and generally at intervals of two or three days, they do not afford 
the means of determining the maximum velocity prevailing for an 
hour or two, and in only a few cases do they indicate the greatest 
average velocity for a period of 24 hours. The examples quoted in 
the table are derived mainly from the record of the first two years, for 
the reason that the anemometer was then observed more frequently 
than in subsequent years. 

The average velocity of the wind at New Haven is so small that it 
has been thought desirable to compare it with the results obtained from 
similar observations at other stations. For this purpose a collection 
of observations has been made, as complete as the materials accessible 
in New Haven have permitted. The results are shown in Table VII. 
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Table Vll. — Mean velocity of the Wind at variout Uatione. 



1 Jin. 


Ftb. 


Ku. 1 Apr. 


MV. 


Jnae 


JnlT. 


Ans 


Sept. 


Oct. 


N(>T.( d'«. 


Meu. 


1843 j ... 














10-4 


13 7 


14-fi 


11-7 




1B44 ' 13-4 


1S-1 


21-T ... 




\i-2 




R'1 


9-1 


14-S 


11-8 




13-0 


1643 1 14-1 


11-1 


Hft 141 


120 


III-4 


9-8 


ll-tf 




11-9 


13! 


17-7 


12-8 


1846 1 ... 




13-3 ilO-4 


»■! 


H-H 


12-6 


St-I 


8-2 


141 


12 6 


11-9 


109 


1847 10-1 


I.H-II 


10-6 10-9 




13? 




10-2 


13-0 


10-9 


II H 


IB'I 


n-7 


1848 ill-l 


i.Vi 


12-9 .11-8 


9-5 


rr,-4 


n-7 


l?-7 


0-fi 


n-fl 


14-9 






1849 .' ie-1 


ll-tt 


... 7-1 


9-1 ' 7-6 


111-9 




7-3 


9-B 


91 


lO-fl 


lO-O 


1850 ' 9-9 


!(>■? 


8-2 10-B 


9-H 


»■(! 


H-7 


M'2 


8-H 


ii-r 


13-9 


10-2 


10-5 


IM51 I1I-6 




10-9 1 8-3 


8-1 


i?-i 


lfl-3 


10- 1 


7-H 


i(^■^ 


7-6 


7-S 


G'5 


1B62 |U'2 


13 1 


9-5 9-3 


il-fl 




KB 


ft-l 


7-n 


9n 


14-3 


lfi-1 




18S3 |lD-8 


N-a 


7-3 >lO-9 




9-7 


10-9 


7-3 


fK> 


7-8 


7-0 


fi-B 


e-7 


18e4 10-4 


n-\ 


8-S 8-3 


9-7 


H-H 


M-4 


8-4 




8-H 


9-8 


16-2 


9-9 


1856 ' 6-6 


■i:i 


7-3 9-S 


II') 


h'N 


7-6 


1(1 -2 


H-(l 


1112 


7-2 


10-7 


8'7 


I8S6 1 9-6 


ll-H 


9-8 12-0 


13-3 


8-7 




1-!t 


»■■/ 


fi« 


9-2 


l?-fi 


S-9 


I8ST ' 9-9 


7-3 


8-9 89 


,,, 




9-8 




70 










18G8 1 IM 


R-4 




HB 


R-H 


8-a 






10-3 


f7 


9-1 


S-T 


1858 101 




13-2 ,12-1 


H-1 


7-II 


71 


H7 


»'h 


fl-9 




fi-,1 


9-3 


1800 1 10-3 


i3i» 


142 




ni-2 


il ■■■ 


Vf 




n■■^ 


10-8 




7-fl 


101 


1861 i 1-4 


l(C3 


14-4 




«-4 


M-V 




11-1( 


Kl-K 


7-Pi 




f> 




1862 ; lO-l 


9S 


9-8 


11-2 


9-1 


f2 


lU-H 




7-3 


ia-0 


T-a 


IH-B 


100 


1863 15'4 


lli'K 


911 


10-7 


;(i-ii 


fi-;i 


ti-a 


111-3 


0-8 


9-4 


lO-T 


i:4-8 


10-3 






11-7 




7-9 


0-2 


9-r 


8-1 


9-7 


10- ?1 


I0-? 


»-l 


9'G 




ll-ft 


11-2 






7-n 


8-8 


87 


fl-S 


fl-S 


11-0 


fl-2 




1866 15-0 


140 


rfl-0 


[2-2 


IO-(l 




9-7 




10-6 


1-1 


13-9 14-2 


11-5 


1861 14-4 


14-3 




l«!l 




9-7 


l()-4 


8-3 


11- 1 


lO-T 


10 12-4 

120 17-2 


II-8 


1868 U-8 


lB-0 


14-U 


12-2 


9-7 


8-7 


9-7 


IU-9 


lira 


Ll)-9 


12-2 


Uean 112 


11-9 


11-B 


10-4 


8-7 


9-8 


0-4 


9-4 9-2 


10-2 


10-6 11-6 


10 4» 



1868 1 11-5 


11 


114 


10-9 ,1I'0 


71 


91 


9-6 


9-0 


10-1 


9-1 




Kit 


1869 1 13-9 


14-2 


16-9 


130 ^ii-a 


8'9 


7-8 


91 


11-8 


8-8 


9-6 




11-3 








12-5 |10-7 


12-8 


8-0 




»■« 


11-2 


M-2 


9-2 


11-3 


18HI 1 ... 


14-8 


14-7 




8-7 


90 


11-6 


il'9 


no 




13-7 


10-7 




1B62 1 13'4 


I'M 


11-5 


I'M 


10-4 


11-6 


14-8 




81 




6'R 






18tt3 ! 170 




11-6 


l?0 


11-1 


10-6 


7-6 














1864 1 9-6 




144 


9-( 


8-7 


11-9 


10-0 


8-S 


11 2 


11-3 


110 


no 


10-7 


1865 1 14-6 


12-3 






9-5 


8-2 


9-1 


lO'O 


fi-8 


S-6 


11-4 


9-9 


10-2 


1866 1 IS 6 


161 


10-7 


12-3 


10-6 


13-2 


104 


12-2 


12-8 


8-6 


13-8 


13'B 


13-6 


Mean ' 13'6 


12-9 


12-8 


10-9 


10-6 


10-4 


9-8 


10-4 


10-3 


99 


109 


11-7 


11-3* 



lAverpwl, England. 






















1863 


193 118-6 


8-0 










MI-6 


11-2 


ll-fi 


IH-fi 


17-6 


13-0 


1853 


16-3 |l2-0 


10-3 


17-11 


11-3 


n-H 


\h'l 


III-7 


12-3 


11-7 


9-K 


9-H 


131 


1864 


ie-0 19-3 


13-9 


12-8 


10-6 


!*« 


1(1-4 


11-4 




'132 


i;i-7 


■'3-9 




1866 


9-6 9'B 


12-6 


13-8 


12-6 


n4 


fl-fi 


14-fi 


8-1 


|13-9 


ft-ft 




11-8 


1867 


131 12-1 


14-4 


II-3 


10-1 


11-1 






H-1 


,11,2 




13-7 


11-6 


Mean 


14-6 M'3 


120 


12-8 


11-4 


119 


u-s 


11-4 


10-7 


112-H 


10-7 


16-1 


12-6- 



Kac. Roland. 








1866 |1M4|]1-89I l3'32|13'18;i2-44. 8'37 

1867 12-01 8-75 12-16 10-18 10-35.11 00 


8-93 
966 


0-161 9-221 6'9B 
8-37 7-18 8-]4 


7-66 1I-17|I0-36 
814 9-59' 9-63 


Mean 11'57'10'32 12'73lll'68lll'39l 9'68 


9-30 


9-261 8-201 7-64 


7-90 10-38! 9-99* 


Ptymimth. England. 


1843 1 8'T 1 9-6 |10-0 | 89 i 8-6 | 74 | 


6-1 1 


8-8 |1D'6 |10'4 |10'2 | 86 | 9'0* 
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Table V IF— continued. 



Brussels^ Belgium. 



1867 
1868_ 

Mean 

Mean 



Jan. 

083 
0-85 

"0^4 



I Feb. I Mar. 

I 1. 



0-95 0-44| 
0-71 0-68 

0^83 ITo'cj 



Apr. { May. 

107' 0-22 
0-61 i 0-36 



June. 



019 
016 



Jaly. I AoK- ' Sept. 



0-84: 0-29i 0-17 



1 -85 I 1 -83 
Mean 19^ 19 1" \\E^ 






1-85 0-64; 037 



19-2 113 8-6 



0-481 12 
0-24 0-39 

(^36 IF2 5 

0^5 



Oct. Nov. 



0-36i 0-361 
0-38 0-45 



0-37 



0-40 



0-28 
0-57 



Dec. 



0-47 



Mean. 



0-79 



0-81 
iFT 



0-88 



13-0 



_0j42 
"0^92 
13ir 



0-47 



0-48 
0-49 



0-48* 



1-031 106t 



14-3 114-5 X 



Madrid, Spain. 

1866 j~... --. 25-3 

1867 18-7 12-6 24^ 

MeaulisT \¥e '24T 



16-8 18-8 
16 4 18-0 

16^ 18~4 



16-4 17-9 117-2 
19-7 17-9 |16-3 

Ih-O 17-9 ilT-8 



Mean 11-6 I 7.8 |15-5 103 11-4 11*2 111 ;i04 



116-2 
116-7 

16-4 

ioT 



Jiuhlhausen, France. 



1842 



12^ 
i~9^' 



8-2 



5-9 



16-2 .15^ 150 

uT TTs ii¥9 



15-3 
liT 



115-8 9-7 IH-0 



11-4 7 9-5 



Mctdras, India. 



10-9 
14-3 

12-6 


9-9 
1121 

11-0 

6-8 


10-0 

10-2 
6-3 


16-5 
16-2| 


7-8 


lO-Of 




,11-4 
: 8-3 






15-7 
11-4 


12-9 
9-4 


13-4§ 
9-8t 











1841 

1842 
1843 
1844 
1845 



Oil 
0-56 
0-26 
009 



Mean 



Mean 



0^25 
7T4 I 



...I 0-24! 0-24 0-53' 0261 331 12 1 Oil 0*14 012 0-21i 



016 



012 025 



009 0-36 
017. 0-25 
004 0-12 



Oil 



4-80 



0-22 



6-60 



0-54 
0-57 
0-58 

"oli 



0-38 0-43! 0-71 



0-69 
0-49 
0-33 



0-35! 0-30 



0-42 



0-34 



0-35 0-33 



0-48 



9-34 9-84 



0-36 
¥51 



0-40 
"8-97 



0-28 0-08 0-31 

0-26 0-24 0-07 

018 015 0-01 

0-24 0-11 015 

1)^2 | "oT 4 ~01a 

"(5^7 ;~5^5!~5Tl 



0-25 
0-47 
0-32 
0-37 

Wl 

"7^ 



0-30 
0-38 
0-52 
019 



0-32 



0-28t 



8-OOi 7-33^ 



Cape of Good Hope. 



1842 


2-30 


2-30 


1-70 


0-95 


0-90 


089 


1-25 


1-53 


1-80 


201 


1-42 


1-80 


1-57 


1843 


2-16 


1-10 


2-07 


100 


110 


1-24 


110 


1-20 


1-43 


1-49 


1-301 2-43 


1-47 


1844 


2-54 


1-86, 


1-55 


M3 


1-22 


0-88 


0-79 


1-47 


111 


1-48 


l-72i 2-45 


1-52 


1845 


2-71 


2-08' 


1-43 


0-98 


0-91 


0-70 


0-93 


1-33 


1-33 


1-90 


1-44 


1-66 


1-45 


1846 


2-79 


2-97 


2-25 


1-75! 


1-04 


1-11 


1-35 


1-83 


2-28 


2-62 


2-76 


2-62 


2-11 


1847 


217 


2-61 


2-27 


1-19 


0-71 


1-02 


0-45 


1-02 


1-57 


2-28 


1-69 


110 


1-60 


1848 


2-39 


1-02, 


1-21 


0-42i 


0-60 


0-71 


0-85 


0-77 


1-44 


1-12 


1-65 


1-32 


113 


1849 


1-39 


1-54' 


0-74 


0-82 


0-52 


0-85 


0-83 


0-62 


0-74 


1-43 


1-38 


1-45 


103 


1850 


1-36 


1-21 


0-79 


0-63 


0-70 


1-57 


1-30 


0-89 


116 


109 


1-23 


0-88 


1-07 


1851 


1-27 


l-87i 


1.05 


0-40 


0-78 


0-50 


0-81 


0-74 


106 


1-20 


0-62 


0-88 


0-94 


1852 


1-07 


i-55 


1-25 


92 


0-92 


0-78 


1-09 


119 


112 


0-84 


118 


1-41 


1-11 


1853 


1-20 


IO61 


105 


0-93 


0-61 


0-75 


0-77 


0-87 


114 


0-90 


1-61 


105 


100 


1854 


1-61 


1-38 


106 


0-94 


0-90 


0-90 


0-87 


0-80 


1-21 


115 


1-22 


1-44 


1-12 


1855 


1-24 
1-87 
19-3 


1-47 113 
1-72 1-40 
18-5 il6-7 


0-83 
0-92 
13-6 


0-56 
0-82 
12-8 


0-93 
0-92 
13-6 


on 

0-94 
13-7 


108 
110 
14-8 


1-34 
1-34 
16-3 


1-38 
1-49 
17-3 


145 
1-47 
17-1 


211 
1-61 
17-9 


119 


Mean 


l-30f 


Moan 


170 t 



Philadel2)hia, Pa. 



1841 
1841 
1842 
1843 
1844 
1845 



I 



Mean 



0-14 
0-53 
0-56 
110 
1-23 



1-70; 
0-84, 
0-68! 
1-16; 



0-71 109 



0-69 
1-33 
106 
V80: 

T22 



0-79 
0-44 
0-54 
1-70 



0-41 
0-23 
0-59 
1-46 



Meanlll.9 114-7 115-6 



_0j87 
1T2 



0-26 
0-20 
0-46 
102 



0-67i 0-48 



11-6 I 9-8 



015 
0-21 
0-15 
016 
0-46 



0-28 
0.03 
0-24 
0-26 
0-37 



0-51 
009 
0-17 
0-78 
0-86 



0-23! 0-24 



0-48 



0-60 
0-20 
0-28 
0-74 
0-91 



0-55 



6-8 6-9 I 9-8 :10-5 



0-48 


0-61 


0-68 


0-75 


0-43; 0-55 


0-78 


0-68 


0-80 


1-14 


0-61 


075 


110 


12-2 



_0.66t 

rT-5 1 



* Rllofframmei). 
I Kilometers. 



t PoundB per square foot. 
i Paris feet per second. 



X Miles per hoar. 
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Wailing/or d, Conn. 

Mar. 



1857 
1858 
1859 



Jan. 



5-35 
3-47 



Feb. 



Table VII — concluded. 



Apr. : May. < Jane.i Jaly. j Ang. | Sept. 



7-74! 7-37 
507 1 8*83j 



5-38' 
8-50' 



4-75i 3-34, 
3-36i 414 



Mean' 4*41 



Mean 
Mean 



6-40. 810| 



... I 3-40 
2-88' 3G2 I 4-46 
2-991 ... ' ... 



6-94i 405 3-74' 2-93| 862 
6-35 1 9-22, U-eo; 9-991 6*83 '5-39' 4-22! 5*21 



3-93 



Oct. 


Nov. 


Dec. 


614 
6-00 

5-57 


5-98 
7 06 

6-52 


5-87 
4-55 

5-21 



Mean. 



51 2* 



5-66 802; 939 



8-89ilO-73'l2-07illl7 853' 8-201 7-25, 8*06' 8-40!l0-01ll0 83 



7-50| 7-37t 



9 681 9-59| 



Neio York City. 
r869 T 6-97T 8-00| 7-88| 8-6"7|" 7"-48| 5-561 6-33| 5-81| 6-68| 7-81| 9-26| 8-84| 7"44t 



Toronto^ Canada. 



1854 
1855 
1856 
1857 
1858 
1859 



6-91 I 6-91: 803 

7-26 8171 9-95 
10-69 10-71111-39 
10-31 9-82110-84 

7-40 ! 9 12i 8-56' 

8-76 



6-81 

7-57 

605 

10-24 



5-38! 4-151 

5-93| 5-70 
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The results for Greenwich were derived from the " Greenwich 
Magnetic and Meteorological Observations." The instruments em- 
ployed were Whewell's and Uobinson's anemometers, the indications 
of the former having been reduced to those of the latter in the 
"Greenwich Observations for 1862. Introduction, p. 62." The re- 
sults for Oxford were derived from tha " Radcliffe Observations," and 
the instrument employed was Robinson's anemometer. The results 
for Liverpool were derived from the " Report of the British Associa- 
tion for the Advancement of Science for 1855," and the "Radcliffe 
Observations for 1857." The observations were made with Osier's 
anemometer. The results for Kew were derived from the " Radcliffe 
Obseri'ations for 1857." The results for Plymouth were derived 
from the " Quarterly Journal of Meteorological and Physical Science 
for 1842-3." Tlie instrument employed was Whewell's anemometer. 
The results for l^russels were derived from Osier's anemometer, and 
are taken from the " Annales Meteorologiques de I'Observatoire royale 
de Bruxelles." The numbers denote pressure in kilogrammes, which 
have been reduced to pounds per square foot, and hence has been 
deduced the velocity in miles per hour in accordance with the Tables 
of the British l^oard of Trade (see Loomis' Meteorology, page 277). 
The results for Madrid were obtained from a Robinson's anemometer 
made by Casella, and are taken from the " Observaciones Meteorolog- 
icas Efectuadas en el Real Observatorio de Madrid." The results are 
given in kilometers, and have been reduced to miles per hour. The 
results for Mtllhausen were derived from a Valz anemometer, and 
were taken from " Schmid's Meteorologie," p. 501. The results are 
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expressed in Pane feet per second, which have been reduced to miles 
per hour. The results for Madras, India, were derived from Osier's 
anemometer, and were taken from the " Madras Meteorological 
Observations." The pressures expressed in pounds per square foot 
have been reduced to velocities in miles per hour by Loomis' Table. 
The results for the Cape of Good Hope were derived from Osier's 
anemometer, and were taken from the first number of the " Meteoro- 
logical Papers of the Board of Trade, London, 1857." The results 
are given in pounds pressure per square foot, and have been reduced 
to velocities in miles per hour. The Philadelphia observations were 
made with Osier's anemometer, and are taken from the " Magnetic 
and Meteorological Observations at Gii-ard College." The results, 
which are given in pounds per square foot, have been reduced to 
velocities in miles per hour. The results for Wallingford, Conn., 
were derived from Osier's anemometer, and are given in ounces of 
pressure on a surface of 100 square inches, which have been reduced 
to velocities in miles per hour. The observations for New York City 
were made with Robinson's anemc^neter, and are taken from the 
" Thirteenth Annual Report of the Board of Commissioners of the 
Central Park." The observations at Toronto, Canada, were made 
with Robinson's anemometer, and are derived from the " Abstracts of 
Meteorological Observations made at Toronto from 1B54 to 1869," 

Tablb VIII — Mean Monthly and Anitual Veloeitie* of the Wind, 
in mile* per hour. 
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Table VIII contains a summary of the mean monthly and annual 
velocities in miles per hour for each of the preceding stations. The 
stationn are arranged in the order of the mean velocity of the wind. 
New Haven shows a less velocity than any other of the stationa, 
except Cairo in Egypt. The observations for Cairo embrace only 
four months of the year 1865, and are derived £rom the "Appendix 
to the Edinburgh Astronomical Observations, VoL XM." 



IX. Notes on thb Geology op the Island of Yesso, Japan, 
PKOM Observations made in 1862. By W. P. Bj^ake. 



Read Febmaiy 21, 1872. 



The salient features of the geology of the Island of Yesso, Japan, 
are volcanic. Symmetrical cones, snow-capped for a great part of 
the year, are the first landmarks that greet the eyes of the marine, 
as he approaches the coast, and are the last to disappear as he leaves 
it behind. The cone of £8an, in a solfataric condition, forms the east- 
em and southern headland of the island, not far distant from the port 
of Hakodadi and from Komangadaki Mountain, another solfataric 
cone which rises conspicuously upon the southern shore of Volcano 
Bay, at about the same distance from Hakodadi. This last mentioned 
mountain was in a state of violent eruption a few years ago, and threw 
out an enormous quantity of ashes, pumice, and hot water. Further 
north, beyond Volcano Bay, the beautiful cone of Shiribets is grouped 
with several others, but all of them are remarkable for their symmetry 
and grandeur. Most of these volcanic mountains may be regarded as 
extinct, though many yield quantities of sulphur and emit steam. At 
an early period their activity must have been prodigious, for almost 
everywhere throughout the island, or at least the southern portion of 
it, so far as explored, there is a vast deposit of fragments of trachyte, 
lava, scorisB and volcanic debris. These materials are generally in 
the form of a stratified brecciated conglomerate, sometimes alternating 
with finer materials, such as beds of sandstone and of volcanic ashes. 

A coarse conglomerate of this formation is found bordering the 
island from Esan nearly to Komangadaki, and extensively upon the 
western coast, as in the neighborhood of Iwanai It is also found 
extensively developed in the interior. 

Older and stratified formations appear to form the basis or founda- 
tion for the volcanic formations. At Ota, on the west coast, granitic 
and metamorphic rocks, in well defined outcrops, form a rugged 
coast. In the interior they form the principal watershed, and give 
rise to many rivers, in the beds of which gold is found in deposits 
which can be profitably worked. These metamorphic strata are 
uplifted, and generally trend northwest and southeast, and show 
flexure and bending exactly as in other and better known regions* 
Slates, sandstones, and limestones are found also at Esan, Shuokobi, and 
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near Kakiimi, and at the lead mines of Isliinowatari and Urup. The 
rocks at the two last-named places are not as much uj)lifted and metamor- 
phosed as the granitic and auriferous rocks, but they are probably parts 
of the same series of formations. The only recognizable fossil found is 
apparently a fragment of a calamite, leading me to suspect that the beds 
are of Carboniferous age; but this is by no means certain, and although 
diligent search was made no other evidence of the age of these formations 
could be found. Near Iwanai there are beds of good coking coal in 
strata that have no lithological resemblance to the auriferous series, 
but they are uplifted at a high angle. Fossils apparently of Creta- 
ceous or Jurassic age are found in the eastern part of the island. 

The next stratified formation of interest is marine Tertiary or Post- 
tertiary, which rests unconformably upon the older stratified beds, 
and is highly charged in some places with well preserved fossils 
scarcely distinguishable from the mollusca now existing upon the 
coasts. In these deposits, and in later terrace-like formations, there is 
abundant evidence of the comparatively recent uplift of the whole 
island, and the same evidences are found upon the island of Nipon. 

Dynamically, the formation of greatest interest is without doubt 
the volcanic conglomerate and the associated beds of finer volcanic 
materials. They record the most energetic volcanic action at an 
early period before the recent uplift, for it is almost certain that the 
mass of the conglomerate was deposited under water. It seems as if 
there had been a series of violent subaqueous eruptions, perhaps at 
the time the now-existing cones began to be formed. It is most 
probable that the island has been gradually formed by the rising of 
these separate cones above the sea, thus giving at first a group of 
islets, each a volcano, similar perhaps to those which can now be seen 
off the coast and at the entrance to the Bay of Yeddo. One is repre- 
sented opposite the western coast on the Japanese maps. 



X, Comparison op the Muscles op the Chelonian and Human 
Shoulder-girdles.* By Henry Shaler Williams. 



Presented January, 1872. 



The object of the following paper is to show the importance of the 
positions and relations to each other, and to the axes of the bones, of 
the areas of origin and insertion of muscles. 

While comparing the muscles of the Chelonians with those of man, 
the writer observed that while the bones were found to differ much in 
shape and proportions, and the size, form and number of the muscular 
bundles, and their relations to each other, were often found to differ, 
the relations of the areas of origin to each other were found to be 
remarkably constant. Hence in dissecting out the muscles of the Che- 
lonians from the body outward, or, in other words, tracing the mus- 
cles from the origin of motion to the part moved, it was observed 
that the areas of origin numbered 1, 2, 3, &c., on each bone, as they 
were exposed, belonged to muscles which were, in final action, very sim- 
ilar in all, however much they might differ in their size and strength 
and shape, and even insertion, in the different genera. Then came 
the assumption that the fundamental reason why muscles in different 
vertebrate animals should receive the same name is that they per- 
form the same functions, or that their final action is the same ; and in 
conclusion, we reach the rule that the areas of origin (or, in general, of 
the attachment) of muscles furnish the most exact means for deter- 
mining the homologies existing in the muscular systems of different 
forms of animals. 

To apply and illustrate this rule, we take the unique shoulder-gir- 
dle of the Chelonians and compare it with that of man. 

The shoulder-girdle of man is composed, on each side, of a scap- 
ula (PI. 12, figs. 1 and 2), which alone supports the fore limb, and a 
clavicle which articulates with a process of the scapula and connects 
it with the sternum. From the scapula there arises a process from 
the median line of its posterior surface, called the spine (PI. 12, fig. 1, 
s.), which extends outward into a process called the acromion process 
(PI. 12, fig. 1, a.). 

From the superior border, next the glenoid fossa, another process 
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extends upward and forward, called the eoracoid process (PI. 12, fig. 1, 
c). Tlie axillary border of the scapula (PI. 12, fig, 1, b.) is thickened, 
and is connected with the " spine " by a thin sheet of bone. The 
"acromion process" is articulated with the clavicle which passes 
from it to the sternum. The clavicle is also attached to the *' eor- 
acoid process " by a ligament. 

The shoulder-girdle of the Chelonian (PL 13, figs. 1 and 2) is com- 
posed of three shafts of bone, diverging from the glenoid cavity. One 
(PI. 13, fig. 1, b'.) is attached proximally to the under side of the ante- 
rior part of the carapace by a ligament near to the first dorsal verte- 
bra. The other two lie in a horizontal position, the one (PI. 1 3, fig. 

1, a'.) running from the articular end of the girdle to the anterior part 
of the ui)per side of the plastron, and attached to the latter by a 
strong ligament at its medial line; the third part runs obliquely 
toward the center of the plastron, its proximal or medial end being 
more or less free. 

In homologizing the elements of these shoulder-girdles, the follow- 
ing results have been reached. The perpendicular shaft (PI. 13, figs. 1, 

2, b'.) of the Chelonian is regarded as the representative of the "exter- 
nal" or "axillary" border of the human scapula (PL 12, fig. 1, b.), 
and may be called the scapula pro])er. 

The second anterior horizontal shaft of the girdle (PL 13, figs. 1, 6, 6, 
a'.) represents the "spine" and "acromion process" together, of the 
human scapula (PL 12, fig. 1, a. s.), and may be called the acromian. 

The third, or posterior horizontal element (PL 13, fig. 1, c), repre- 
sents the " eoracoid process," and may be called the eoracoid. 

From the "posterior" surface of the human scapula and its pro- 
cesses arise six or seven distinct muscles. Let us consider them sep- 
arately, in their relations of origin and insertion. 

The " teres major " arises from near the medial end of the axillary 
border of the scapula (PL 12, fig. 1, i): part of the "latissimus dorsi" 
sometimes arises from the extreme end of this border (PL 12, fig. 1,2): 
the direction of these two muscles, as well as their action and areas 
of insertion on the humerus, are closely related. The corresponding 
muscle in the Chelonians (PL 13, fig. 1, 1), called " teres major" by most 
all writei's on the subject, arises from the anterior face of the scapula^ 
the area of origin being a narrow line extending from the medial end 
to the acromio-scapular angle. It is inserted into the neck of the hume- 
rus together with the representative of the " latissimus " (PL 1 3, ^g. 7, 1). 

There is considerable difference in the positions of the areas of 
insertion of this muscle, here and in man, the discussion of which 
will not be introduced at this place. * 
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The muscles "teres minor" and "infraspinatus" (PL 12, fig. 1, s, 4) 
arise from the more distal or articular half of the " axillary " border, 
and from the thin lamina of bone connecting this border with the 
" spine." These two muscles are intimately associated in direction of 
action, as well as in their points of origin and of insertion, both being 
inserted on the more dorsal side of the greater (of anthropotomy), or 
radial tuberosity (PI. 1 2, fig. 4, r., 4, s). If these two muscles are rep- 
resented in the Ohelonians, I have little doubt but that the thin sheet 
of muscle arising from the angle formed by the scapula and acromion 
(PL 13, fig. 1, 3, 4), and inserted into the humerus on the dorsal side 
of the lateral tuberosity (PL 13, figs. 4 and 7, s, 4). is the true one. 

I have called this the musciUus scapido-dcromiohumeralis^ and 
am strongly inclined to consider it the true representative of the 
"teres minor" of anthropotomy. The "infraspinatus" may be con- 
sidered as wanting, or as fused with the " teres minor " — to form this 
bundle. The assumption is that the lamina of bone connecting the 
'* axillary border" with the "spine" in the mammalian form of sca- 
pula is not developed in the Ohelonians, and that the element called 
a^yromion in the latter is the representative of the ridge called *' spine " 
and the " acromion process " of the former, as will be further explained. 

In the human scapula we observe again a strong muscle arising 
from the "spine" and acromion process (PL 12, fig. 1, s), called the 
deltoid. The area of origin for this muscle is on the edge and sur- 
face of the spine and acromion, opposite the coracoid process, and 
reaching from the medial border of the scapula to the end of the acro- 
mion, where it articulates with the clavicle. It is inserted into the 
shaft of the humerus, near its middle, on a line with the greater or 
radial tuberosity (PL 12, fig. 3, 5). 

The representative of this muscle in the Ohelonians arises from the 
anterior side of the acromion ; its area of origin extending from near 
the scapulo-acromial angle (where it is quite continuous with the mtis- 
cuius scapido-acroniio-humeralisj this fact quite agreeing with the 
idea that this latter muscle is the representative of the " infraspinatus 
and teres minor,") to near the medial extremity of the acromion (PL 
13, fig. 1, fi). 

Its insertion is into the radial tuberosity on its dorsal side (PL 13, 
figs. 4 and 7, ft). It will be observed that all the humeral motors in the 
Ohelonians are inserted high up, close about the proximal head of the 
humerus, to the neck and tuberosities, so that we may not look for 
exact homologies in regard to their insertional areas. 

The muscle next to be noticed is the " supraspinatus," which arises 
from the surface of the scapula beyond the spine, and between it and 
the coracoid (PL 12, fig. 1, «). 
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If our homologizing of the Chelonian shoulder-girdle be correct, 
the representative of this muscle should arise from between the cora 
coid and acromion elements. Its insertion should be into the exter- 
nal or radial tuberosity. Now let us see how nearly these require- 
ments are met. In the Chelonians there are two, more or less distinct 
bundles of muscle arising from the acromion and coracoid — from the 
edges facing each other and from the lower surfaces (PI. 13, figs. 1, 5 
and 6, 6, 6*, 6*',). In some genera these two bundles are quite distinct 
and separate throughout all their fleshy portion, and in others they 
are continuous, forming a broad but thin bundle, filling up the space 
between the acromion and coracoid^ even to their medial extremities — 
the fibers forming the middle part of the bundle arising from the cor- 
aco-acromial ligament ; but, in all cases observed, the two bundles 
have a common insert ional tendon, which is inserted into the head of 
the radial (the "greater" in anthropotomy, the "lesser" of Cheloni- 
ans) tuberosity of the humerus (PI. 13, figs. 3 and 4, 6). These two mus- 
cles are the M. at^oniio-humeralis secundus, and the 31, coraco-hume- 
ralis secundus. It will be observed that the insertion of their com- 
mon tendon is near the insertion of M. scapulo-acromio-humeralis^ the 
representative of the " infraspinatus " and " teres minor," the relation 
between them being almost precisely that which is observed in anthro- 
potomy. 

The only other humoral motor arising from this surface of the 
human scapula is the " coraco brachialis." In man this muscle arises 
from the extreme end of the coracoid process, together with one 
head of the triceps (PI. 12, fig. 1, 7). In its course it lies outside of 
the " subscapularis," and is inserted into the shaft of the humerus 
near its middle, in a line with the lesser or ulnar tuberosity (Pi. 12, fig. 

3,7). 

In the Chelonians we find a muscle arising from the upper surface 

of the coracoid (PI. 13, fig. 2, 7), passing outside of the representa- 
tive of the '''' suhscapulariSy'^ and inserted into the humerus on the 
head and lower edge of the ulnar tuberosity (PL 13, figs. 3 and 4, 7), 
which is here greatly developed, so that it is larger than the radial 
one. This is the M, coraco-hurneralis 2>Timus, and must be regarded 
as the representative of the " coraco-brachialis," if the assumptions 
already made be correct. 

The " biceps " of anthropotomy arises by two heads ; one area of 
origin covers the rim of the glenoid cavity at the base of the cora- 
coid (PI. 12, fig. 1, 9); the other area, in connection with that for the 
" coraco-bracliialis," covers the end of the coracoid process (9a). Tlie 
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two heads nin together on the under side of the arm, to be inserted by 
a single strong terete tendon into the ulna, near its proximal end. 

In most Chelonians this muscle (PL 13, figs. 2, 6, 9) is repre- 
sented by two distinct muscles, the M. caraco-ulnaris and M, coraco 
radialis; the former arising from the more distal part of the posterior 
edge of the coracoid, being inserted into the ulna near the prox- 
imal end ; the other arising from the medial half of the same edge of 
the coracoid, being inserted into the radius and outer side of the 
wrist, and sometimes running as far as to the thumb. In one genus 
(CheloHia) the second part of the muscle is represented by only a 
tcndonous ribbon continued on from tlie outside of tlie lower end of 
the first, and inserted in the region of the wrist. 

There are two muscles remaining which liave a scapular origin in 
man, the " subscapularis," and the long head of the "triceps." 
The area of origin for the "subscapularis" (PI. 12, fig. 2, s), covers 
the anterior surface of the human scapula, its fibers converging toward 
the head of the humerus. Its insertion is into the lesser or ulnar 
tuberosity (PL 12, fig. 3,8). 

In the Chelonians this is represented by two more or less distinct 
bundles (M. M. scapulo-hwneralis secunchis and terthis), arising from 
the scapula and inserted into the internal (ulnar) tuberosity (PL 13, 
figs. 1 and 2, sa, sfc). The area of their origin covers the greater 
part of the shaft of the scapula from the origin of the *' teres major " 
(PL 13, fig. 1, 1), extending around in front and on the posterior side 
quite to the inner side of the shaft. On account of the small size of 
the shaft, the origin, ends, and body of these muscles are pretty well 
fused together, but toward their distal ends two bundles may, in 
some cases, be made out, and in Ptychemys^ of which the most care- 
ful dissections were made, two distinct insertions were made out, 
one on the outer, the other on the inner side of the ulnar — that is the 
greater, or internal, tuberosity (PL 13, figs. 3 and 4, sa, sfc). The lower 
part of the insertion of the M. coraco-hwueralis primus^ — the repre- 
sentative of the " coraco-brachialis " (figs. 3 and 4, 7), separates these 
areas. 

From the rim of the glenoid cavity on the outer side, at the base of 
the seaptda (PL 13, fig. 1, iia), arises, by a tendon, a muscle which is 
joined by a stronger bundle, having a humeral origin, and which it 
overlies for its wiiole length. It is inserted into the proximal head of . 
the ulna, on its dorsal side, and acts as an extensor of the forearm. 
I presume there will be no hesitancy in regarding this as the repre- 
sentative of the long head of the "triceps" of anthropotomy. 



306 Miisdea of the Chelonian ShotUder-girdUe. 

This closes the list of muscles arising from the scapula and its pro- 
cesses in man, and acting upon the ann. 

There is some reason for believing the episternal plates to be the 
representatives of the " clavicles " of anthropotomy. A portion of the 
representatives of the deltoid arises from the above mentioned ele- 
ments. The acromion is attached to it ligamentously. The repre- 
sentative of the " sterno-cleido-mastoid " does not arise from it in any 
cases I have observed, but generally only from the medial edges of 
the " hyostemal plates," when they meet, or from the middle of the 
cartilaginous part of the sternum, when these plates do not meet at 
the medial line. 

If we are to presume that the Chclonians have a represeutative of 
the mammalian clavicle, I think the episternal plate presents more 
characters homological with those of the clavicle than does any other 
element of the skeleton. 

The anterior horizontal element of the shoulder-girdle, it will be 
remembered, is, in this paper, considered to be the representative of 
the spine and acromion process of the mammalian scapula, and not 
the clavicle, as Rtldinger and some others regard it. 

Parker, in his work on the Shoulder-girdle and Sternum, regards 
the episternal element of the plastron as the representative of the 
clavicle. (See Parker's Mongr. on Shoulder-girdle and Sternum, 
1868, pp. 133, &c.) 

In the Chelonians there are no muscles, now remaining to be consid- 
ered, which arise from the shoulder-girdle proper and act upon the parts 
of the fore-limb. In the genus Chelonia a few special bundles were 
observed arising from the base of the scapula and acting upon the 
humerus ; but they must be regarded as " special muscles," as they 
were observed in no other specimens dissected. 

In the Chelonians a long muscle arises from the anterior edge of 
the coracoid (PI. 13, figs. 1, 5, lo), and runs forward , under the neck to 
the hyoid apparatus. 

It arises in man from the "superior" (coracoidal) border, at the 
base of the coracoid process (PI. 12, fig. 1, lo), and is inserted into 
the hyoid apparatus. The relations which the areas of origin for this 
muscle, the " supraspinatus " and the " eoraco-brachialis," bear to 
each other, is too closely followed in the Chelonians to be passed over 
, as of no importance. 

The areas of attachment of the muscles thus help in the determina- 
tion of the bones, while they furnish the means, probably the most 
accurate, for determining the muscles themselves in the study of com- 
parative anatomy. 
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I think it will be granted, after the comparisons already made, that 
the area of origin for the " omohyoid " in the Chelonian shoulder-gir- 
dle would find its true position on the coracoid or aeromion^ rather 
than on the scapula^ and considering the origin of the representative 
of the " supraspinatus " — from both the acromion and the coracoid, — 
we are not so much puzzled to find where the representative of the 
former should arise, as we are surprised at the accuracy with which 
our rule is carried out. 

The muscles which are inserted into the shoulder-girdle cannot be 
honiologized so easily, nor should we expect them to agree so 
closely in diiferent types of structure, since the attachment of the 
shoulder-girdle to the body is not by close joints, but by loose mus- 
cular and ligamentous attachments. Nevertheless a muscle arising 
from the edge of the carapace and inseiled into the ends of the sca- 
pula (PI. 13, fig. 2, I'i), and attached by a thin sheet to the side of the 
same as far as to its base, then continued on to the end of the coracoid 
(PL 13, figs. 2 and 5, li^), may certainly be considered as a repre- 
sentative of the "serratus anticus major" and " pectoralis minor," and 
though presenting slight variations, these are not more than the great 
modification of the whole arrangement of the shoulder-girdle of the 
Chelonians would demand. 

The above considerations have suggested a theoretical explanation 
for the unique relation that the shoulder-girdle bears to the general 
frame-work of the skeleton in the Chelonians, which will, however, 
be deferred to some future time. 

I have avoided making mention of the interpretations that other 
authors have given to the muscles under consideration, reserving this 
matter till the close. In the first place, I had access to only one 
original work on the subject (Rudinger's Muskelen, Ac), and his in- 
terpretation of homologies did not satisfy me, and I also had difficulty 
in making out with certainty how much of the descriptions and deter- 
minations was original and how much had been taken from other 
writers. I left them all, therefore, and with scalpel and pencil under- 
took to w^ork out the problem for myself. 

Tbans. Connecticut Acad., Vol. II. 23 ApRUi, 1873. 



Explanation of the Plates. 

Plate 12. 

Fig. 1. Outer surface of the left Human scapula. 
" 2. Inner " " " " " " 

" 3. Anterior view of the left Human humerus. 
" 4. Posterior " " " " " " 

Plate 13. 

Fig. 1. Anterior view of the left shoulder-girdle of a Chelonian (Ptydieinys rugosa). 

The upfter end of the scapula points downward in the figure. 
Pig. 2. Posterior view of the same. 

Fig. 3. Left humeniB ; showing the ulnar side of the upper half of the bone. 
Fig. 4. Left humerus ; showing the radial side of the upper half of the bone. 
Fig. 5. Superior view of the left shoulder-girdle of the same. 
Fig. 6. Inferior view of the same. 
Fig. 7. Dorsal view of the left humerus of the same. 

Explanation op the FiauREa 

The dotted lines mark out the areas of attachment of the several muscles to the 

bones. The round dots, thus , are used to define the ureas of origin, and the 

elongated ones, thus , are used to define the areas of insertion. 

In the following list the names in the first row are those in common use in antliro- 
potomy ; those in tlie second row are names applied by various authors to correspond- 
ing parts in Ohclonians. 

The same numbers are used in both plates to designate parts, or areas, considered to 
be homologous. 

M. teres major. 

M, latissivius dorsi. 

M. deltoideus. 



1. Muaculits teres major ^ 



2. 
3. 
4. 
5. 


ii 

u 


kUissimus darsij 
teres miruyr^ \ 
infraspinatus^ y 
deltoulens, ) 


6. 


<( 


supraspinatuSf 


7. 


ti 


coraco-hrachialiSy 


8. 


i( 


subscapulariSy 


9. 
10. 
11. 


i( 

ii 
it 


lnce])Sy 

omohyoideuSy 

tricepSy 


12. 
126. 


3f. serratus mofjnus. ) 
M. pectnralts viimvr. ) 



12a. 



126. 



j 66, M. claviculo-brachialis Rud. 
( (wt, M. coraco-brachialis proprius anticus Rud. 
M. coraco-brachialis Rud. 
' Sa, ( M. sttbscajmlaiis Rud. 

Af. claviciUo-brachiaiis Boj. 
M. supraspinatus, anon. 
M. subscapularis Oken. 
86, M. infraspinatus Rud. 
M, biceps bra>chii Riid. 
Af. coraco-hyoideus Riid., omohyoidetis Boj. 
11a, 116, M. triceps brachii, 
pars M. serratus anticus major Riid- 
/S M. cftsto-scapularis Riid. 
pars M. serratus anticus major RM. 
S. M. costo-coracoideus Rud. 
S. Af. pectoralis minor RGd. 
i jHirs Af. setratus anticus major Rud. 
12c. -J <S itf! suhclaveus Riid. 

( S. Af. eosto-clatnctUaris Riid. 

1 3. musctUus peckrralis major. 

14. " trapezius. 

a, Acromion i)roce8s of scapula. 

b, Axillary border 

c, Coracoid process 
8, Spine 

g, (Glenoid cavity 
1, Goraco-acromial ligament. 

r. " Radial," or " greater " tuberosity. " Radial," " lessor," or " outer " tuliorosity of 

the liumenis. 
u, "IJlnjir," or ''lesser'' tuberosity. "Ulnar," "greater,'' or "inner" tuberosity, 
h. Head of humerus. 



(i 
(i 
i( 



»( 



(( 



(( 



it 



a , acromion. 
b', scapula. 
c, coracijid. 



XI, Gkaphicai. Methods ix the Thermodynamics op Fluids. 

By J. WiLLARD GiBBS. 

Although geomctrii^al representations of propositions in the tlier- 
modynamios of fluids are in general use, and have done good service 
in disseminating clear notions in this science, yet they have by no 
means received the extension in respect to variety and generality of 
which they are capable. So far as regards a general graphical 
method, which can exhibit at <mce all the thermodynamic properties 
of a fluid concerned in reversible processes, and serve alike for the 
demonstration of general theorems and the numerical solution of par- 
ticular problems, it is the general if not the universal practice to use 
diagrams in which the rectilinear co-ordinates represent volume and 
pressure. The object of this article is to call attention to certain dia- 
grams of difl*erent construction, which afford graphical methods co- 
extensive in their applications with that in ordinary use, and prefer- 
able to it in many cases in respect of distinctness or of convenience. 

QUANTITIES AND RELATIONS WHICH ARE TO BE REPRESENTED BT THE DIAGRAM. 

We have to consider the following quantities : — 

??, the volume, 

/), the pressure, 

f, the (absolute) temperature, 

f, the energy, 

y/, the entropy, 

also W^ the work done, 

and //, the heat rec 

These are subject to the relations expressed by the following differ- 
ential ecpiations : — 



of a given body in any 
state, 



one, ) by the body in passing from one 
ceived,* f state to another. 



* Work spent upon tho body i8 as usual to be coDsidered as a nogative quantity of 
work done by the body, and heat given out by the body as a negative quantity of heat 
received by it. 

It is taken for granted that tlie l)ody has a uniform temperature throughout, and that 
the pressure (or expansive force) has a uniform value both for aU points in the body 
and for all directions. This, it will be observed, will exclude irreversible processes, 
but will not entirely exclude solids, although the condition of equal pressure in all 
directions renders the case very limited, in which they come within the scope of the 
discussion. 
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dWzziapdv, (a) 

ds=pdH—dW, (b) 

dti= -— ^ (c) 

where a and ft are constants depending upon the units by which w, p, 
W and -ffare measured. We may suppose our units so chosen that 
a=z\ and /^=l,t and write our equations in the simpler form, 

de = dH—dW, (1) 

dW=zpdv, (2) 

dll=. tdf]. I (3) 

Eliminating d W and dH^ ive have 

de = Uh} — pdw (4) 

The quantities v^ />, ^, 6 and /; are determined when the state of the 
body is given, and it may be permitted to call \\\Qm functions of the 
state of the body. The state of a body, in the sense in which the 
term is used in the thermodynamics of fluids, is capable of two inde- 
pendent variations, so that between the five quantities v, />, <, f and tf 
there exist relations expressible by three finite equations, different in 
general for different substances, but always such as to be in harmony 
with the differential equation (4). This equation evidently signifies 
that if B be expressed as function of xt and /;, the partial differential 
co-efficients of this function taken with respect to v and to tf will be 
equal to — ^ and to t respectively. J 



* Equation (a) may be derived from simple mechanical considerations. Equations 
(b) and (e) may be considered as defining the energy and entropy of any state of tho 
body, or more strictly as defining the differentials (k and drj. That functions of the 
state of the body exist, the differentials of which satisfy these equations, may easily 
bo deduced from the first and second laws of thermodynamics. The term entropy, it 
will be observed, is here used in accordance with the original suggestion of Clausius, 
and not in the sense in which it has been employed by Professor Tait and others after 
his suggestion. The same quantity has l)een called by Professor Rankine the Thermo- 
dynamic fttnction. See Clausius, Mechanische Warmetheorie, Abhnd. ix, §14; or 
Pogg. Ann., Bd. cxxv (1865), p. 390; and Rankine, Phil. Trans., vol. 144, p. 126. 

f For example, we may choose as the unit of volume, the cube of the unit of lengtli, 
— as the unit of pressure the unit of force acting upon tlie square of the unit of 
length, — as the unit of work the unit of forc« acting through the unit of length, — and 
as the unit of heat the thermal equivalent of the unit of work. The units of length 
and of force would still be arbitrary as well as the unit of temperature. 

X An equation giving f in terms of rj and v, or more generally any finite equation 
between r, n and v for a definite quantity of any fiuid, may be considered as the funda* 
mental thermodynamic equation of that fluid, as from it by aid of equations (2), (3) and 
(4) may he derived all the thermodynamic properties of the fluid (so far as reversible 
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On the other hand W and H are not functions of the state of the 
body (or functions of any of the quantities v, />, f, £ and ;;), but are 
determined by the whole series of states through which the body is 
supposed to pass. 

FUNDAKENTAL IDEA AND OBKERAL PBOPEBTIBS OF THE DIAOBAJf. 

Now if we associate a particular point in a plane with every separ- 
ate state, of which the body is capable, in any continuous manner, so 
that states diifering infinitely little are associated with points which 
are infinitely near to each other,* the points associated with states of 
equal volume will form lines, which may be called lines of equal 
volume^ the different lines being distinguished by the numerical value 
of the volume, (as lines of volume 10, 20, 30, etc.) In the same way 
we may conceive of lines of equal pressure^ of equal temperature^ of 
equal energy ^ and of equal entropy. These lines we may also call 
isometric^ isopiestic^ isothermal^ isodynannc^ isen tropic ^\ and if neces- 
sary use these words as substantives. 

Suppose the body to change its state, the points associated with the 
states through which the body passes will form a line, which we may 
call the path of the body. The conception of a path must include the 
idea of direction, to express the order in which the body passes 
through the series of states. With every such change of state there 
is connected in general a certain amount of work done, TF, and of heat 
received, /T, which we may call the work and the hea;t of the path.X 

processes are concerned,) viz : the fundamental equation with equation (4) gives the 
three relations existing between v, p, t e and 7, and these relations being known, 
equations (2) and (3) g^ve the work W and heat H for any change of state of the 
fluid. 

* The method usually employed in treatises on thermodynamics, in which the 
rectangular co-ordinates of the point are made proportional to the volume and pressure 
of the body, is a single example of such an association. 

f These lines are usually known by the name given them by Rankine, adiabatic. 
If, however, we follow the suggestion of Clausius and call that quantity entropy, which 
Rankine called the thermodynamic function^ it seems natural to go one step farther, 
and call the lines in which this quantity has a constant value isentropic, 

X For the sake of brevity, it will be convenient to use langruage which attributes to 
the diagram properties which belong to the associated states of the body. Tlius it 
can give rise to no ambiguity, if we speak of the volume or the temperature of a point 
in the diagram, or of the work or heat of a line, instead of the volume or temperature 
of the body in the state associated with the point, or the work done or the heat re- 
ceived by the body in passing through the states associated with the points of tlie 
line. In like manner also we may speak of the body moving along a line in the dia- 
gram, instead of passing through the series of states represented by the line. 
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Tfie value of these quantities may he calculated from equations (2) 
ami (3), 

dH=z tdtj^ 
i. e., W=.fpdi) (5) 

n =ftdfu (6) 

the integration being carried on from the beginning to the end of the 
path. If the direction of the ))ath is reversed, W and // change 
their signs, remaining the same in absolute value. 

If the changes of state of the body form a cycle, i. e., if the final 
state is the same as the initial, the jmth becomes a eircuit^ and the 
work done and heat received are eijual, as may be seen from equation 
(1), which when integrated for this case becomes Oz=II—W. 

The circuit will enclose a certain area, which we may consider as 
positive or negative according to the direction of the circuit which 
circumscribes it. The direction in which areas must be circum- 
scribed in order that their value may be positive, is of course arbi- 
trary. In other words, if x and y are the rectangular co-ordinates, 
we may define an area either usft/dxy or iisfx<li/. 

If an area be divided into any number of parts, the work done in 
the circuit bounding the whole area is equal to the sum of the work 
done in all the circuits bounding the partial areas. This is evident 
from the consideration, that the work done in each of the lines which 
separate the partial areas appears twice and with contrary signs in 
the sum of the work done in the circuits bounding the partial areas. 
Also the heat received in the circuit bounding the whole area is equal 
to the sum of the heat received in all the circuits bounding the partial 
areas.* 

If all the dimensions of a circuit are infinitely small, the ratio of 
the included area to the work or heat of the circuit is independent of 
the shape of tlie circuit and the direction in which it is described, and 
varies only with its position in tlie diagram. That this ratio is 
independent of the direction in which the circuit is described, is evi- 
dent from the consideration that a reversal of this direction simply 
changes the sign of both terms of the ratio. To prove that the ratio 

♦ The conception of areas as positive or negative renders it nnnecossaiy in proposi- 
tions of tliis kind to state explicitly the direction in which the circuits are to be 
described. For the directions of the circnitfl are determined by the sig^s of the areas, 
and the signs of tlie partial areas must bo the same as that of the area out of which 
they were formed. 
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is independent of the shape of the circuit, let ub suppose the area 

ABODE (fig. 1) divided up by an infinite imuii>er of ieometrics v,v,, 

v^Vj, etc., with equal difier- ■p^ j 

cncett of volume dv, and an i._ 

infinite number of isopicBticB 

PiP,,PiI>3, etc., with equal dif- 

ferencew of pressure dp. Now 

from the jirinciple of continuity, 

as tho whole figure is infinitely 

small, the nitio of the area of 

one of the huuiII quadrilaterals 

into which the figure is divided 

to the work done in passing 

around it is approximately the 

same for nil the difierent quad. 

rilaterals. Therefore the area 

of the figure composed of all the complete quadrilaterals which fall 

within the given circuit has to tlie wort done in ciri:uniacrilnng this 

figure the same ratio, which we will call y. But the area of this 

fi'^ure is approximately the same as that of the given circuit, and the 

work done in do8cril)ing this figure is a]>proximately the some as that 

done in describing the given circuit, (eq. 5). Tiiereforc the area 

of the given circnit has to the work done or heat received in that 

circuit this ratio y, which is independent of the shape of the 

circnit. 

Now if we imagine the oyslems of equidifferent isometrics and 
isopiestics, which have just been spoken of, extended over the whole 
diagram, the work done in circumscribing one of the small quadri- 
laterals, so that the increase of presanre directly precedes the increase 
of volume, will liave in every part of the diagram a constant value, 
viz., the product of the difterenccs of volume and pressure (dvX^), 
as may easily be proved by applying equation (2) successively to its 
fonr sides. But the area of one of these quadrilaterals, which we 
could consider us constant within the limits of the infinitely small cir- 
cnit, may vary for different parts of the diagram, and will indicate 
proportionally the value of y, which is equal to the area divided by 
dvXdp. 

In like manner, if we imagine systems of isentropicB and isotlier- 
mals drawn throughout the diagram for equal differences dt) and (ft, 
the heat n'ceived in passing around one of the Bmall quadrilaterals, 
BO thnt the incn-nac of / slml! dircclly prciwd that of ?>, will be the 
ci>UNt!Uit |>ro(lin-t ifi/X'ft, an may l>f proved hy equation (:(), and the 
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value of y^ whicK is equal to the area divided by the heat, will be 
indicated proportionally by the areas.* 

Tliis (piantity y^ which is the ratio of the area of an infinitely small 
circuit to the work done or heat received in that circuit, and which 
we niuy call the scale on which work and heat are represented by 
areas, or more briefly, the scale of work and heat, may have a 
constant value throughout the diagram or it may have a varying 
value. The diagram in ordinary use affords an example of the first 
case, as the area of a circuit is everywhere proportional to the work 
or heat. There are other diagrams which have the same property, 
and we may call all such ding rains of constant scale. 

In any case we may consider the scale of work and heat as known 
for every point of the diagram, so far as we are able to draw the 
isometrics and iso})iestic8 or the isentropics and isothermals. If we 

* The indication of the value of y by systems of equidifferent isometrics and isopies- 
tics, or isentropics and isothennals, is explained above, because it seems in accordance 
witli the spirit of the graphical method, and because it avoids the extraneous consider- 
ation of the co-ordinates. If, however, it is desired to have analytical expressions for 
the value of y based upon the relations between the co-ordinates of the point and the 
state of the body, it is easy to deduce such expressions as the following, in which x 
and y are the rectangular co-ordinates, and it is supposed that the sign of an area is 
determined in accordance with the equation A =fydx : — 

1 dv dp dp dv __ dtj dt dt drj 

y dx dy dx dy ^ dx dy dx dy^ 

where x and y are regarded as the independent variables ; — or 

dx dy _dy dx 

dv dp dv dp 

where v and p are the independent variables ; — or 

dx dy dy dx 

^^dri ' di~ "d^' m' 

whore jy and t are the independent variables ; — or 

1 dvdn 



y dx <^y _ ^ . ^J 

dv dv dv dn 



whore v and ri are the independent variables. 

These and similar expressions for - may be found by dividing the value of the work 

or heat for an infinitely small circuit by the area included. This operation can be 
most conveniently performed upon a circuit consisting of four lines, in each of which 
one of the independent variables is constant. E. g., the last formula can be most 
easily found from an infinitely small circuit formed of two isometrics and two isen- 
tropics. 
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write (J TFand 611 for the work and heat of au infinitessimal circuit, 
and 6 A for the area included, the relations of these quantities are 
thus expressed : — * 

dW=i6Il=i-dA. (1) 

y 

We may find the value of TFand Hiox a circuit of finite dimensions 
by supposing the included area A divided into areas 6 A infinitely 
small in all directions, for which therefore the above equation will 
hold, and taking the sum of the values of 6H or 6 W for the various 
areas 6 A. Writing W^ and H^ for the work and heat of the circuit 
(7, and ^^ for a summation or integration performed within the 
limits of this circuit, we have 

W^=H^—2^ - SA. (8) 

y 

We have thus an expression for the value of the work and heat of a 
circuit involving an integration extending over an area instead of one 
extending over a line, as in equations (5) and (6). 

Similar expressions may be found for the work and the heat of a 
path which is not a circuit. For this case may be reduced to the 
preceding by the consideration that W=.0 for a path on an iso- 
metric or on the line of no pressure (eq. 2), and -ff=0 for a path on 
an isentropic or on the line of absolute cold. Hence the work of any 
path <S' is equal to that of the circuit foimed of S^ the isometric of 
the final state, the line of no pressure and the isometric of the initial 
state, which circuit may be represented by the notation [/S, v", /?®, v']. 
And the heat of the same path is the same as that of the circuit [>5, 7/', 
t^^ 7/]. Therefore using TF*' and H^ to denote the work and heat of 
any path /S', we have 

W^=^^''^''^'^LSA, (9) 

^«=;,-[^.^'.^.^|,,^ (10) 

where as before the limits of the integration are denoted by the ex- 

* To avoid couf iision, Vi^dW and dH are generally used and are used elsewhere in 
this article to denote the work and heat of an infinite short path, a slightly different 
notation, 6 W and 611. is here used to denote the work and heat of an infinitely small 
circuit. So 6A is used to denote an element of area which is infinitely small in all 
directions, as tlie letter d would only imply that the element was infinitely small in one 
direction. So also below, the integration or summation which extends to all the ele- 
ments written with 6 is denoted by the character 2, as the character J* naturally 
refers to elements written with d, 

Tbans. Connecticut Acad., Vol. II. 24 APBOi, 1873. 
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prcttsion occupying the place of an index to the sign ^.* These 
equations evidently include equation (8) as a particular case. 

It is easy to form a material conception of these relations. If we 
imagine, for example, mass inherent in the plane of the diagram with 

a varying (superficial) density represented by -, then 2 -6 A will 

evidently denote the mass of the part of the plane included within 
the limits of integration, this mass being taken positively or nega- 
tively according to the direction of the circuit 

Thus far we have made no supposition in regard to the nature of 
the law, by which we associate the points of a plane with the states 
of the body, except a certain condition of continuity. Whatever law 
we may adopt, we obtain a method of representation of the thermo- 
dynamic properties of the body, in which the relations existing 
between the functions of the state of the body are indicated by a 
net-work of lines, while the work done and the heat received by the 
body when it changes its state are represented by integrals extend- 
ing over the elements of a line, and also by an integral extending 
over the elements of certain areas in the diagram, or, if we choose to 
introduce such a consideration, by the mass belonging to these areas. 

The different diagrams which we obtain by different laws of asso- 
ciation are all such as may be obtained from one another by a process 
o^ deformation^ and this consideration is sufficient to demonstrate 



* A word should be said in regard to the sense in which the above propositions 
should be understood. If beyond the limits, within which the relations of v, />, t, e 
and rj are known and which we may call the limits of the known field, we continue the 
isometrics, isopiestics, &c., in any way we please, only subject to the condition that the 
relations of v, p, i, e and 7 shall be consistent with the equation de=^tdff—pdv, then in 
calculating the values of quantities W and H determined by the equations d W=pdv 
and dH=tdri for paths or circuits in any part of the diagram thus extended, we may 
use any of the propositions or processes given above, as these three equations have 
formed the only basis of the reasoning. We will thus obtain values of W and H^ which 
will be identical with those which would be obtained by the immediate application of 
the equations d W=pdv and dH^=tdn to the path in question, and which in the case of 
any path which is entirely contained in the known field will be the true values of the 
work and heat for the change of state of the body which the path represents. We 
may thus use lines outside of the known field witliout attributing to them any physical 
signification whatever, without considering the points in the lines as representing any 
states of the body. If however, to fix our ideas, we choose to conceive of this part of 
the diagram as having the same physical interpretation as the known field, and to 
enunciate our propositions in language based upon such a conception, the unreality or 
even the impossibility of the states represented by the lines outside of the known field 
cannot lead to any incorrect results in regard to paths in the known field. 
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their properties from the well-known properties of the diagram in 
which the volume and pressure are represented by rectangular co- 
ordinates. For the relations indicated by the net-work of isometrics, 
isopiestics etc., are evidently not altered by deformation of the sur- 
face upon which they are drawn, and if we conceive of mass as belong- 
ing to the surface, the mass included w^ithin given lines will also not 
be eifccted by the process of deformation. If, then, the surface upon 
which the ordinary diagram is drawn has the uniform superficial den- 
sity 1, so that the work and heat of a circuit, which are represented 
in this diagram by the included area, shall also be represented by 
the mass included, this latter relation will hold for any diagram 
formed from this by deformation of the surface on which it is drawn. 
The choice of the method of representation is of course to be deter- 
mine<l by considerations of simplicity and convenience, especially in 
regard to the drawing of the lines of equal volume, pressure, tempera- 
ture, energy and entropy, and the estimation of work and heat. There 
is an obvious advantage in the use of diagrams of constant scale, in 
which the work and heat are represented simply by areas. Such dia- 
grams may of course be produced by an infinity of different methods, 
as there is no limit to the ways of deforming a plane figure without 
altering the magnitude of its elements. Among these methods, two 
are especially important, — the ordinary method in which the volume 
and pressure are represented by rectilinear co-ordinates, and that in 
which the entropy and temperature are so represented. A diagram 
formed ]>y the former method may be called, for the sake of distinc- 
tion, a volume-pressure diagram, — one formed by the latter, an etitropy- 
temperature diagram. That the latter as well as the former satisfies 
the condition that y'=l throughout the whole diagram, may be seen 
by reference to page .318. 

THE ENTBOPY-TEHPERATITRE DIAGRAM GOHPARED WFTH THAT IN ORDINARY USE. 

Consider ati07is indejjendent of the nature of the body in question. 

As the general e<iuations (I), (2), (3) are not altered by interchang- 
ing V, — /> and - Tr with f/, t and //respectively, it is evident that, 
so far as these equations are concerned, there is nothing to choose 
between a volume-pressui'e and an entropy-temperature diagram. In 
the former, the work is represented by an area bounded by the path 
which represents the change of state of the body, two ordinates and 
the axis of abscissas. The same is true of the heat received in the 
latter diagram. Again, in the former diagram the heat received is 
re|)resented by an area bounded by the path and certain Unes, the 
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character of which depends upon the nature of the body under con- 
sideration. Except in the case of an ideal body, the properties of 
which are determined by assumption, these lines are more or less 
unknown in a part of their course, and in any case the area will gen- 
erally extend to an infinite distance. Very much the same inconven- 
iences attach themselves to the areas representing work in the entropy- 
temperature diagram.* There is, however, a consideration of a gen- 
eral character, which shows an important advantage on the side of 
the entropy-temperature diagram. In thermodynamic problems, heat 
received at one temperature is by no means the equivalent of the 
same amount of heat received at another temperature. For example, 
a supply of a million calories at Ibi)^ is a very different thing from a 
supply of a million calories at 50^ But no such distinction exists in 
regard to work. This is a result of the general law, that heat can 
only pass from a hotter to a colder body, while work can be transferred 
by mechanical means from one fluid to any other, whatever may be 




* In neither diagram do these circumstances create any serious difficulty in the esti- 
mation of areas representing work or heat. It is always possible to divide these areas 
into^two parts, of which one is of finite dimensions, and the other can be calculated in 

the simplest manner. Thus, in the entropy-tem- 
. A peraturo diagram, the work done in a path AB 

(fig. 2) is represented by the area included by the 
3 path AB, the isometric BC, the line of no pressure 
and the isometric DA. The line of no pressure 
and the adjacent parts of the isometrics in the 
case of an actual gas or vapor are more or less 
undetermined in the present state of our knowl- 
edge, and are likely to remain so ; for an ideal gas 

-^^ the line of no pressure coincides with the axis of 

abscissas, and is an asymptote to the isometrics. 
But, be this as it may, it is not necessary to examine the form of the remoter parts of 
the diagram. If we draw an isopiestic MN, cutting AD and BC, the area MNCD, which 
represents the work done in MN, will be equal to i>(tr''— v^, where p denotes the pre- 
sure in MN, and v" and v' denote the volumes at B and A respectively (eq. 6). Hence 
the work done in AB will be represented by ABNM+p(t;''— v'). In the volume- 
pressure diagram, the areas representing heat may be divided by an isothermal, and 
treated in a manner entirely analogous. 

Or, we may make use of the principle, that, for a path which begins and ends on the 
same isodyiiamic, the work and heat are equal, as appears by integration of equation 
(1). Hence, in the entropy-temperature diagram, to find the work of any path, we may 
extend it by an isometric (which will not alter its work), so that it shall begin and end 
on the same isodynamic, and then take the heat (instead of the work) of the path thus 
extended. This method was suggested by that employed by Oazin (Th^rie elemen- 
taire des Machines k Air Chaud, p. 1 1) and Zeuner (Mechanische Warmetheorie, p. 80) 
in the reverse case, viz : to find the heat of a patli in the volume-pressure diagram. 
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the pressures. Hence, in thermodynamic problems, it is generally 
necessary to distinguish between the quantities of heat received or 
given out by the body at different temperatures, while as far as work 
is concerned, it is generally sufficient to ascertain the total amount 
performed. If, then, several heat-areas and one work-area enter into 
the problem, it is evidently more important tliat the former should be 
simple in form, than that the latter should be so. Moreover, in the 
very common case of a circuit, the work-area is bounded entirely by 
the path, and the form of the isometrics and the line of no pressure 
arc of no especial consequence. 

It is worthy of notice that the simplest form of a perfect thermody- 
namic engine, so often described in treatises on thermodynamics, is 
represented in the entropy-tempera- 
ture diagram by a figure of extreme 
simplicity, viz : a rectangle of which 
the sides are parallel to the co-ordi- 
nate axes. Thus in figure 3, the 
circuit ABCD may represent the se- 
ries of states through which the fluid 
is made to pass in such an engine, 
the included area representing the 
work done, while the area ABFE 
represents the heat received from the heater at the highest tempera* 
ture AE, and the area CDEF represents the heat transmitted to the 
cooler at the lowest temperature DE. 

Tliere is another form of the perfect thermodynamic engine, viz: 
one with a perfect regenerator as defined by liankine (Phil. Trans, 
vol. 144, p. 140), the representation 
of which becomes peculiarly simple 
in the entropy-temperature diagram. 
Tlie circuit consists of two equal 
straight lines AB and CD (fig. 4) 
parallel to the axis of abscissas, and 
two precisely similar curves of any 
form BC and AD. The included 
area ABCD represents the work 
done, and the areas ABba and CDdc 
represent respectively the heat re- 
ceived from the heater and that transmitted to the cooler. The heat 
imparted by the fluid to the regenerator in passing from B to C, and 
afterward restored to the fluid in its passage from D to A, is repre- 
sented by the areas BCcb and DAad. 
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It is often a matter of the first importance in the study of any ther- 
modynamic engine, to compare it with a perfect engine. Such a com- 
parison will obviously be much facilitated by the use of a method in 
which the perfect engine is represented by such simple forms. 

The method in which the co-ordinates represent volume and pressure 
has a certain advantage in the simple and elementary character of the 
notions upon which it ia based, and its analogy with Watt's indicator 
has doubtless contributed to render it popular. On the other hand, 
a method involving the notion of entropy^ the very existence of which 
depends uj)on the second law of thermodynamics, will doubtless seem 
to many far-fetched, and may repel beginners as obscure and diflicult 
of comprehension. This inconvenience is perhaps more than counter- 
balanced by the advantages of a method which makes the second law 
of thennodynaniics so prominent, and gives it so clear and elementary 
an expression. The fact, that the different states of a fluid can be 
represented by the positions of a point in a plane, so that the ordi- 
nates shall represent the temperatures, and the heat received or given 
out by the fluid shall be represented by the area bounded by the line 
representing the states through which the body passes, the ordinates 
drawn through the extreme points of this line, and thie axis of abscis- 
sas, — this fact, clumsy as its expression in words may be, is one which 
presents a clear image to the eye, and which the mind can readily 
grasj) and retain. It is, however, nothing more nor less than a geo- 
metncal expression of the second law of thermodynamics in its appli- 
cation to fluids, in a form exceedingly convenient for use, and from 
which the analytical expression of the same law can, if desired, be at 
once obtained. If, then, it is more important for purposes of instruc- 
tion and the like to familiarize the learner with the second law, than 
to defer its statement as long as possible, the use of the entropy- 
temperature diagram may serve a useful purpose in the popularizing 
of this science. 

The foregoing considerations are in the main of a general character, 
and independent of the nature of the substance to which the graphical 
method is ai)plied. On this, however, depend the forms of the iso- 
metrics, isoi)iestic8 and isodynamics in the entropy-temperature dia- 
gram, and of the isentropics, isothermals and isodynamics in the 
volume-pressure diagram. As the convenience of a method depends 
largely upon the ease with which these lines can be drawn, and upon 
the pecidiarities of the fluid which has its properties represented in 
the diagram, it is desirable to compare the methods under considera- 
tion in some of their most important applications. We will commence 
with tiie case of a perfect gas. 
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Case of a perfect gas, 

A i)erieot or ideal gas may be defined as such a gas, that for any 
constant quantity of it the product of the volume and the pressure 
varies as the temperature, and the energy varies as the temperature, i. e., 

pv = at^ (a)* 

e = ct, (b) 

The significance of the constant a is sufficiently indicated by equation 
(a). The significance of c may be rendered more evident by differen- 
tiating equation (b) and comparing the result 

dez=,c dt 

with the general equations (1) and (2), viz: 

dez^dll-dW, dW=pdv. 

If dv = 0, dW-=. 0, and rf7/= c dt^ \, e.. 



ldn\ . 



(<0 



i. e., c is the quantity of heat necessary to raise the temj>erature of the 
body one degree under the condition of constant volume. It will be 
observed, that when different quantities of the same gas are consid- 
ered, a and c both vary as the quantity, and c-=-a is constant ; also, 
that the value of c-^a for different gases varies as their specific heat 
determined for equal volumes and for constant volume. 

With the aid of equations (a) and (b) we may eliminate p and t 
from the general equation (4), viz : 

dez=,tdr} — /> c?w, 
which is then reduced to 

de 1 a dv 

€ C C V ^ 

and by integration to 

log f z= - - - log v,l (d) 



* In tliis article, all equations which are designated hy arabic numerals subsist for 
any body whatever (subject to the condition of uniform pressure and temperature), and 
those which designated by small capitals subsist for any quantity of a perfect gas as 
defined above (subject of course to the same conditions). 

f A subscript letter after a differential co-efficient is used in this article to indicate 
the quantity which is made constant in the differentiation. 

J If we use the letter e to denote the base of the Naperian system of logarithms, 

equation (d) may also be written in the form 

V a 

c c 
e = e V 

This may be regarded as tlie fundamental thermodynamic equation of an ideal gaa. See 
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The constant of integration becomes 0, if we call the entroj>y for 
the state of which the volume and energy are both unity. 

Any other equations which subsist between t\ />, t^ e and // may be 
derived from the three independent equations (a), (b) and (d). If we 
eliminate e from (b) and (d), we have 

r) :=, a log t? -|- c log ^ + c log c. (b) 

Eliminating y from (a) and (e), we have 

// = (a+c) log t — a log /? + c* log c + a log a. (f) 

Eliminating t from (a) and (e), we have 

V = («+«) log y + c log /? + c log ~. (g) 

a 

If « is constant, equation (e) becomes 

7j-=ic log t + Const., 

i. e., the isometrics in the entropy-temperature diagram are logarith- 
mic curves identical with one another in fonn, — a change in the value 
of V having only the effect of moving the curve parallel to the axis of 
t]. If /> is constant, equation (f) becomes 

rj = (a'\'C) log t + Const., 

so that the isopiestics in this diagram have similar properties. This 
identity in fonn diminishes greatly the labor of drawing any consid- 
erable number of these curves. For if a card or thin board be cut in 
the form of one of them, it may be used as a pattern or ruler to draw 
all of the same system. 

The isodynamics are straight in this diagram (eq. b). 

To find the form of the isothermals and isentropics in the volume- 
pressure diagram, we may make t and /; constant in equations (a) 
and (g) respectively, which will then reduce to the well-known equa- 
tions of these curves : — 

pv =, Const., 

and ;>^y«+^ = Const. 

The equation of the isodynamics is of course the same as that of the 
isothermals. None of these systems of lines have that property of 
identity of form, which makes the systems of isometrics and isopies. 
tics so easy to draw in the eiitropy-temperature diagram. 



tlie last note on page 310. It will l^e observed, that there would be no real loss of 
generality if we should choose, as the body to which the letters refer, such a quantity 
of the gas that one of the constants a and c should be equal to unity. 



Therm adynamics of Fluids. 323 

Cdse of rondefisable vapors. 

The case of bodies which pass from the liquid to the gaseous condi- 
tion is next to be considered. It is usual to assume of such a body, 
that when sufficiently superheated it approaches the condition of a 
perfect gas. If, then, in the entropy-temperature diagram of such a 
body we draw systems of isometrics, isopiestics and isodynamics, as if 
for a perfect gas, for proper values of the constants a and c, these will 
be asymptotes to the true isometrics, etc., of the vapor, and in many 
cases will not vary from them greatly in the part of the diagram which 
represents vai)or unmixed with liquid, except in the vicinity of the 
line of saturation. In the volume-pressure diagram of the same body, 
the isothermals, isentropics and isodynamics, drawn for a perfect gas 
for the same values of a and r, will have the same relations to the true 
isothennals, etc. 

In that part of any diagram which represents a mixture of vapor 
and liquid, the isoj)iestics and isothermals will be identical, as the 
pressure is determined by the temperature alone. In both the dia- 
grams which we are now comparing, they will be straight and parallel 
to the axis of abscissas. The form of the isometrics and isodynamics 
in the entropy-temperature diagram, or that of the isentropics and 
isodynamics in the volume-pressure diagram, will depend upon the 
nature of the fluid, and probably cannot be expressed by any simple 
ecjuations. Tlie following projK^rty, however, renders it easy to con- 
struct equidilFerent systems of these lines, viz: any such system will 
divide any isothermal (isopiestic) into equal segments. 

It remains to consider th.it part of the diagram which represents 
the body when entirely in the condition of liquid. The fundamental 
characteristic of this condition of matter is that the volume is very 
nearly constant, so that variations of volume are generally entirely in- 
appreciable when represented gra]>hically on the same scale on which 
the volume of the body in the state of vapor is represented, and both 
the variations of volume and the connected variations of the connected 
quantities may be, and generally are, neglected by the side of the 
variations of the same quantities which occur when the body passes 
to the state of vapor. 

Let us make, then, the usual assumption that v is constant, and see 

how the general equations (1), (2), (3) and (4) are thereby affected. 

We have first, 

dv = 0, 

then ' d W=i 0, 

and da =zt drj. 

If we add dff = t <?;/, 

Trans. Connecticut Acad., Vol. II. 25 April, 1873. 
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these four equations will evidently be equivalent to the three inde- 
pendent equations (1), (2) and (3), combined with the assumption 
which we have just made. P^or a liquid, then, f, instead of being a 
function of two quantities v and ;;, is a function of // alone, — t is also 
a function of ;/ alone, being equal to the differential co-efficient of the 
function e ; that is, the value of one of the three quantities ^, e and r/, 
is sufficient to determine the other two. Tlie value of v, moreover, is 
fixed without reference to the values of t^ e and // (so long as these do 
not pass the limits of values possible for liquidity) ; while p does not 
enter into the equations, i e., p may have any value (within certain 
limits) without affecting the values of t, f , ;/ or v. If the body change 
its state, continuing always liquid, the value of TTfor such a change 
is 0, and that of // is determined by the values of any one of the 
three quantities t, f and /;. It is, therefore, the relations between ^, f, 
Tf and If, for which a graphical expression is to be sought ; a method, 
therefore, in which the co-ordinates of the diagram are made equal 
to the volume and pressure, is totally inapplicable to this particu- 
lar case ; if and p ar^ indeed the only two of the five functions of the 
state of the body, «, jo, t, € and 7, which have no relations either to 
each other, or to the other three, or to the quantities W and -ff, to be 
expressed.* The values of v and p do not really determine the stat^ 
of an incompressible fluid, — the values of t, e and // are still lefl 
undetermined, so that through every point in the volume-pressure 
diagram which represents the liquid there must pass (in general) an 
iniinite number of isothermals, isodynamics and isentropics. The 
chanicter of this part of the diagram is as follows: — the states of 
liquidity are re])re8entcd by the points of a line parallel to the axis of 
pressures, and the isothermals, isodynamics and isentropics, which 
cross the field of ])artial vaporization and meet this line, turn upward 
an<l follow its course.f 

In the entroi>y-temperature diagram the relations of t, e and ;/ are 
distinctly visible. The line of liquidity is a curve AB (fig. 5) deter- 
mined by the relation between t and ?/, This curve is also an iso- 



* Tliat is, V and 2> have no such relations to the other quantities^ as are expressible 
by equations ; p, however, cannot be less than a certain function of L 

f All these difficulties are of course removed when the differences of volume of tlie 
liquid at different temperatures are rendered appreciable on the volume-pressure 
diagram. This can be done in various ways, — among others, by choosing as the body 
to wliich V, eto., refer, a sufficiently large quantity of the fluid, ^ut, however we do it, 
wo must evidently give up the possibility of representing the body in the state of vapor 
in the same diagram without making its dimensions enormous. 
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metric. Every poiat of it has a definite volume, temperature, entropy 

and energy. The Intter is indicated by the iaodynamicB E,E,, EgE,, 

etc., which cross the region of pai^ 

tial vaporization and terminate in ^ ^ 

the line of liijuidity. (They do not 

in this diagram turn and follow the 

line.) If the body pass from one 

state to another, remaining liquid, 

as from M to N in tlie figure, the 

heat received is represented as usual 

by tlie area MN nm. That the work 

done is notliing, is indicated by the 

fact that tlie line AB is an isometric. 

Only the isopiestics in tliis diagram 

arc superposed in the line of fluidity, 

turning downward where they meet 

this line and following its course, so 

that for any point in this line tlie pressure is undetermined. This is, 

however, no inconvenience in the diagram, as it simply expresses the 

fact of t)ic case, that when all the quantities v, t, e and ;/ are fixed, 

the pressure is still undetermined. 

DIAOBAMS IH V 




There are many cases in which it is of more imjiortancc that it 
should be easy to draw the lines of equal volume, pressure, tempera- 
ture, energy and entropy, than that work and heat should be repre- 
sented in the simplest manner. In such cases it may be expedient to 
give up the condition that the scale (;') of work and heat shull be 
constant, when by that means it is possible to gain greater simplicity 
in the form of the lines jnst mentioned. 

In the case of a perfect gas, the three relations between the quanti- 
ties «, p, t, s and Tf are given on page 321, equations (a), (k) and {i>). 
These equations may be easily he transformed into the three 

^ogP + 'og « - log ( = log a, (h) 

log £ - log ( = log c, (i) 

T/ — r. log e — a log w =: ; (j) 

so that the three relations between the quantities log v, log p, log t, 
log f, aTid r/ are expressed by linear equations, and it will be possible 
to make the tive systems of lines all rectilinear in the same diagram, 
the distances of the isometrics twing proportional to the difTcrenci s 
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of the logarithms of the volumes, the distances of the isopiestics being 
proportional to the differences of the logarithms of the pressures, and 
so with the isothermals and the isodynamics, — the distances of the 
isentropics, however, being proportional to the differences of entropy 
simply. 

The scale of work and heat in such a diagram will vary inversely 
as the temperature. For if we imagine systems of isentropics and iso- 
thermals drawn throughout the diagram for equal small differences of 
entropy and temperature, the isentropics will be equidistant, but the 
distances of the isothermals will vary inversely as the temperature, 
and the small quadrilaterals into which the diagram is divided will 
vary in the same ratio: .\ y c/) l-i-t. (See page 313.) 

So far, however, the form of the diagram has not been completely 
defined. This may be done in various ways : e. g., if x and y be the 
rectangular co-ordinates, we may make 

(y = logjt>; iyzulogt; (y=rf\ 

Or we may set the condition that the logarithms of volume, of pres- 
sure and of temperature, shall be represented in the diagram on the 

same scale. (The logarithms of energy 
are necessarily represented on the same 
scale as those of temperature.) This will 
require that the isometrics, isopiestics and 
isothermals cut one another at angles of 
60°. 

The general character of all these dia- 
grams, which may be derived from one 
another by projection by parallel lines, 
may be illustrated by the case in which 
X = log tJ, and y =: log p. 

Through any point A (fig. 6) of such a 
-V diagram let there be drawn the isometric 
vv', the isopiestic pp'', the isothermal tt' 
and the isentropic //;/. The lines pp' and 
vv' are of course parallel to the axes. Also by equation (h) 



Fig. 6. 




and by (g) 



• t 
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Therefore, if we draw another isometric, cutting r;//, tt', and pp' in 
B, C and D, 

BD _ c+a B|C_a CD _ c 

CD ~~c~' CD "■ c' BC "" a 

Hence, in the diagrams of different gases, CD -— BC will be propor- 
tional to the specific heat determined for equal volumes and for con- 
stant volume. 

As the specific heat, thus determined, has probably the same value 
for most simple gases, the isentropics will have the same inclination in 
diagrams of this kind for most simple gases. This inclination may 
easily be found by a method which is independent of any units of 
measurement, for 

i e., BD -f- CD is equal to the quotient of the co-efficient of elasticity 
under the condition of no transmission of heat, divided by the co- 
efficient of elasticity at constant temperature. This quotient for a 
simple gas is generally given as 1.408 or 1.421. As CA-7-CD=: 
/^2 = 1.414, BD is very nearly equal to CA (for simple gases), which 
relation it may be convenient to use in the construction of the diagram. 

In regard to compound gases the rule seems to be, that the specific 
heat (determined for equal volumes and for constant volume) is to the 
specific heat of a simple gas invereely as the volume of the compound 
is to the volume of its constituents (in the condition of gas) ; that is, 
the value of BC-^CD for a compound gas is to the value of BC-^CD 
for a simple gas, as the volume of the compound is to the volume of 
its constituents. Therefore, if we compare the diagrams (formed by 
this method) for a simple and a compound gas, the distance DA and 
therefore CD being the same in each, BC in the diagram of the com- 
pound gas will be to BC in the diagram of the simple gas, as the 
volume of the compound is to the volume of its constituents. 

Although the inclination of the isentropics is independent of the 
quantity of gas under consideration, the rate of increase of r/ will vary 
with this quantity. In regard to the rate of increase of ^, it is evident 
that if the tvhole diagram be divided into squares by isopiestics and 
isometrics drawn at equal distances, and isotheimals be drawn as 
diagonals to these squares, the volumes of the isometrics, the pressures 
of the isopiestics and the temperatures of the isothermals will each 
form a geometrical series, and in all these series the ratio of two con- 
tiguous U»rnis will be the same. 
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The proportieii of the diagraina obtaioed by the other methods men- 
tioned on page 326 do nut differ cswutiaDy from those just deBoribed. 
For example, in any Buch diagram, if through any point we draw an 
iHetitropie, an isothermal and an isopicKtic, which cut any isometric 
not passing through the same point, the ratio of the segmenM of the 
isometrio will liave tlie value which has been found for BC : CD. 

In treating the case of vapors also, it may be convenient to use 
diagrams in which le = log i' and y^logp,orin which x =^ ;/ and 
y =. h»g ( ; but the diagrams formed by these methods will evidently 
I>c radically dittcrent from one another. It is to be observed that each 
of these methods Is what may lie called a method of d^nite scale for 
work and heat; that is, the value of y in any part of the diagram is 
independent of the properties of the fluid considered. In the tirst 

method y = -^^, in the second y^-^- In this respect these methods 

have an advantage over many others. For example, if we should 
nnikc x ^ log i', y =■ r/, the value of y in any part of the diagram 
would depend upon the properties of the fluid, and would jirobably 
not vary in any case, except that of a perfect gas, according to any 
simple law. 

The conveniences of the eutropy-teinperature method will Ite fouixl 
to belong in nearly the same degree to the method in which the co- 
ordinates are equal to the eutropy an<l the logarithm of the tempera- 
ture. No serious difficulty attaches to the estimation of heat and 
work in a diagram formed on the latter method ou account of the 
variation of the scaIc on which they are represented, as this variation 
follows HO wimple u law. It may often be of use to remember that 



Fig.!. 



such a diagram may be reduced to an entro]>y- 
temperature diagram by a vertical compression 
or extension, such that the distances of the iso- 
thermals shall be made projmrtional to their 
ditfereiices of temperature. Thus if we wish 
to estimate the work or heat of the circuit 
ABCD (fig, 7), we may draw a number of equi- 
distant ordinates (iseiitropics) as if to estimate 
the included area, and for each of the ordinates 
^ take the differences of temperature of the points 

where it cuts the circuit; these differences of temperature will be 
equal to the leni;ths of the segments made by the corresponding 
cii'cuit in the entropy-temperature diagram upon a corresponding 
system of equidistant ordinates, and may be used to calculate the 
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area of the circuit in the entropy-temperature diagram, i. e., to find 
the work or heat required. We may find the work of any patli by 
applying tlie same process to the circuit formed by the path, the iso- 
metric of the final state, the line of no pressure (or any isopiestic ; see 
note on page 318), and the isometric of the initial state. And we may 
find the lieat of any path by applying the same process to a circuit 
formed by the path, the ordinates of the extreme points and the line 
of absolute cold. That this line is at an infinite distance occasions no 
difficulty. The lengths of the ordinates in the entropy-temperature 
diagram which we desire are given by the temperature of points in 
the path determined (in either diagram) by equidistant ordinates. 

The properties of the part of the entropy-temperature diagram rej)- 
resenting a mixture of vapor and liquid, which are given on page 323, 
will evidently not be altered if the ordinates are made proportional to 
the logarithms of the temperatures instead of the temperatures simply. 

The representation of specific lieat in the diagram under discussion 
is peculiarly simple. The specific heat of any substance at constant 
volume or imder constant pressure may be defined as the value of 



(dH\ ldH\ . / dn \ I ^n \ 



for a certain quantity of the substance. Therefore, if we draw a dia- 
gram, in which ar = ;/ and y = log ^, for that quantity of the substance 
which is used for the determination of the specific heat, tlie tangents 
of the angles made by the isometrics and the isopiestics with the 
ordinates in the diagram will be equal to the specific heat of the 
substance determined for constant volume and for constant pressure 
respectively. Sometimes, instead of the condition of constant volume 
or constant pressure, some other condition is used in the determination 
of 8i)ecific heat. In all cases, the condition will be represented by a 
line in the diagram, and the tangent of the angle made by this line 
witli an ordinate will be equal to the specific heat as thus defined. If 
the diagram be drawn for any other quantity of the substance, the 
specific heat for constant volume or constant pressure, or for any other 
condition, will be equal to the tangent of the proper angle in the 
diagram, multiplied by the ratio of the quantity of the substance for 
which the specific heat is determined to the quantity for which the 
diagram is drawn.* 



♦ From this general property of the diagram, its character in tlie case of a perfect 
gas might bo immediately deduced. 
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THE yOLUMB-BNTBOPT DIAGRAM. 

The method of representation, in which the co-orclinates of the point 
in the diagram are made equal to the volume and entropy of the 
bo<ly, presents certain characteristics which entitle it to a somewhat 
detailed consideration, and for some purposes give it substantial 
advantages over any other method. We might anticipate some of 
these advantages from the simple and symmetical form of the general 
equations of thermodynamics, when volume and entropy are chosen 
as independent variables, viz : — * 

dB , ^ 

dt , ^ 

' = ^' (**) 

dW=2) dv, 
dll = t dt}. 
F]liminating /> and t we have also 

^^='%^V' (14) 

The geometrical relations corresponding to these equations are in 
the volume-entropy diagram extremely simple. To fix our ideas, let 
the axes of volume and entropy be horizontal and vertical respec- 
tively, volume increasing toward the right and entropy upward. 
Tlien the pressure taken negatively will equal the ratio of the differ- 
ence of energy to the difference of volume of two adjacent points in 
the same horizontal line, and the temperature will equal the ratio of 
the difference of energy to the difference of entropy of two adjacent 
points in the same vertical line. Or, if a series of isodynamics be 
drawn for equal infinitessimal differences of energy, any series of hori- 
zontal lines will be divided into segments inversely proportional to 
the pressure, and any series of vertical lines into segments inversely 
proportional to the temperature. We see by equations (13) and (14), 
that for a motion parallel to the axis of volume, the heat received is 
0, and the work done is equal to the decrease of the energy, while for 



* See page 310, equations (2), (3) and (4). 

In general, in this article, where differential co-efficients are used, the quantity whidi 
is constant in the differentiation is indicated by a subscript letter. In this discussion 
of the volume-entropy diagram, however, v and t) are uniformly regarded as the inde 
pendent variables, and the subscript letter is omitted. 
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a motion parallel to the axis of entropy, the work done is 0, and the 
heat received is equal to the increase of the energy. These two 
propositions are true either for elementary paths or for those of finite 
length. In general, the work for any element of a path is equal to 
the product of the pressure in that part of the diagram into the hori- 
zontal projection of the element of the path, and the heat received is 
equal to the product of the temperature into the vertical projection 
of the element of the path. 

If we wish to estimate the value of the integrals fpdv and ftdrf^ 
which represent the work and heat of any path, by means of measure- 
ments upon the diagram, or if we wish to appreciate readily by the 
eye the approximate value of these expressions, or if we merely wish 
to illustrati* their meaning by means of the diagram ; for any of these 
purposes the diagram which we are now considering will have the 
advantage that it represents the differentials dv and dt} more simply 
and clearly than any other. 

But we may also estimate the work and heat of any path by means 
of an integration extending over the elements of an area, viz : by the 
formulae of page 316, 

w^=h^^:e^ - 6 A, 

y 

In regard to the limits of integration in these formulae, we see that for 
the work of any ]>ath which is not a circuit, the bounding line is com- 
posed of the path, the line of no pressure and two vertical lines, and 
for the heat of the path, the bounding line is composed of the path, 
the line of absolute cold and two horizontal lines. 

As the sign of y^ as well as that of dA , will be indeterminate until 
we decide in which direction an area must be circumscribed in order 
to l)e considered positive, we will call an area positive which is cir- 
cumscribed in the direction in which the hands of a watch move. 
This choice, with the positions of the axes of volume and entropy 
which we have supposed, will make the value of y in most cases posi- 
tive, as we shall see hereafter. 

The value of y^ in a diagram drawn according to this method, will 
depend upon the properties of the body for which the diagram is 
drawn. In this respect, this method differs from all the others which 

Tbans. (Connecticut Acad., Vol. II. 26 April, 1873 
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have been diRciissed in detail in this article. It is easy to find an 

expression for y depending simply upon the variations of the energy, 

p. by comparing the area and the work or 

fi heat of an infinitely small circuit in the 

form of a rectangle having its sides 
parallel to the two axes. 

Let N jNgNgN^ (fig. 8) be such a cir- 
cuit, and let it be described in the order 

' 1 * of the numerals, so that the area is posi- 

1 ^ tive. Also let f,, £g, fg, e^ represent 

* * the energy at the four corners. The 

work done in the four sides in order 
commencing at N,, will be ^i — ^2* ^> 
^3 — £4, 0. The total work, therefore, 
O V for the rectangular circuit is 

Now as the rectangle is infinitely small, if we call its sides dv and dr^y 
the above expression will be equivalent to 

d^€ 
— -= — z- dv dn, 
dv dr} 

Dividing by the area dv drj, and writing y^^ ^ for the scale of work and 
heat in a diagram of this kind, we have 

L — — _^_ __ ^ _ _ «^ 

y dv df] dfj dv' ^ ' 

The two last expressions for the value of ^-r-Yv n indicate that the 
value of y^ ^ in different parts of the diagram will be indicated pro- 
portionally by the segments into which vertical lines are divided by a 
system of equidifibreut isopiestics, and also by the segments into 
which horizontal lines are divided by a system of equidifferent iso- 
thermals. These results might also be derived directly from the 
propositions on page 313. 

As, in almost all cases, the pressure of a body is increased when it 

receives heat without change of volume, ~- is in general positive, and 

the same will be true of y^ ^ under the assumptions which we have 

made in regard to the directions of the axes (page 330) and the defini- 
tion of a positive area (page 331). 

In the estimation of work and heat it may often be of use to con- 
sider the deformation necessary to reduce the diagram to one of 
constant scale for work and heat. Now if the diagram be so deformed, 
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that each point remains in the same vertical line, bat moves in this 
line so that all isopiestics become straight and horizontal lines, at 
distances proportional to their differences of pressure, it will evidently 
become a volume-pressure diagram. Again, if the diagram be so 
deformed that each point remains in the same horizontal line, but 
moves in it so that isothermals becomes straight and vertical lines at 
distances proportional to their differences of temperature, it will 
become a entropy-temperature diagram. These considerations will 
enable us to compute numerically the work or heat of any path which 
ia given in a volume-entropy diagram, when the pressure and tempera- 
ture are known for all points of the path, in a manner analogous to 
that explained on page 328. 

The ratio of any element of area in the volume-pressure or the 
entropy-temperature diagram, or in any other in which the scale of 
work and heat is unity, to the corresponding element in the volume- 

1 d^€ 

entropy diagram is represented by — or — . The cases in 

which this ratio is 0, or changes its sign, demand especial attention, 
as in such cases the diagrams of constant scale fail to give a satisfac- 
tory representation of the properties of the body, while no difficulty 
or inconvenience arises in the use of the volume-entropy diagranu 

d^E dp 
As — , , ^^'T'y ^^® value is evidently zero in that part of the 

diagram which represents the body when in part solid, in part liquid, 

and in part vapor. The properties of 

such a mixture are very simply and 

clearly exhibited in the volume-entropy 

diagram. 

Let the temperature and the pressure 
of the mixture, which are independent 
of the proportions of vapor, solid and 
liquid, be denoted by t' and p'. Also 
let V, L and S (fig. 9) be points of the 
diagram which indicate the volume and 
entropy of the body in three perfectly 
defined states, viz : that of a vapor of temperature t' and pressure />', 
that of a liquid of the same temperature and pressure, and that of a 
solid of the same temperature and pressure. And let Vp-, tjy^ v^^ rfi^y 
Vjs, 7]8 denote the volume and entropy of these states. The position 
of the point which represents the body, when part is vapor, part 
liquid, and part solid, these parts being as /i, v, and 1— /i — v, is 
determined by the equations 
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v = ^ Vy+ V t'z, + (l - /i - v) t;^ 

where v and 7; are the volume and entropy of the mixture. The 
truth of the first equation is evident. The second may be written 

7 - 75= /^ (7r - Vs) + y {Vl- Vs)f 
or multiplying by t\ 

The first member of this equation denotes the heat necessary to bring 
the body from the state S to the state of the mixture in question 
under the constant temperature t\ while the terms of the second 
member denote separately the heat necessary to vaporize the part /i, 
and to liquefy the part v of the body. 

The values of v and ;; are such as would give the center of gravity 
of masses /i, v and 1— /i — v placed at the points V, L and S.* 
Hence the part of the diagram which represents a mixture of vapor, 
liquid and solid, is the triangle VLS. The pressure and temperature 
are constant for this triangle, i. e., an isopiestic and also an isothermal 
here expand to cover a space. The isodynamics are straight and 

equidistant for equal differences of energy. For -3-- =* — />', and 

de 

-p- := t\ both of which are constant throughout the triangle. 

This case can be but very imperfectly represented in the volume- 
pressure, or in the entropy-temperature diagram. For all points in 
the same vertical line in the triangle VLS will, in the volume- 
pressure diagram, be represented by a single point, as having the 
same volume and pressure. And all the points in the same horizontal 
line will be represented in the entropy-temperature diagram by a 
single point, as having the same entropy and temperature. In either 
diagram, the whole triangle reduces to a straight line. It must 
reduce to a line in any diagram whatever of constant sCale, as its area 
must become in such a diagram. This must be regarded as a defect 
in these diagrams, as essentially different states are represented by 
the same point. In consequence, any circuit within the triangle 

* Those points will not be in the same straight line unless 

a condition very unlikely to be fulfilled by any substance. The first and second terms 
of this proportion denote the heat of vaporization (from the solid state) and that of 
liquefaction. 
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VLS will be represented in any diagram of constant scale by two 
paths of opposite directions superposed, the appearance being as if a 
body should change its state and then return to its original state by 
inverse processes, so as to repass through the same series of states. 
It is true that the circuit in question is like this combination of pro- 
cesses in one important particular, viz : that Tr= JJ= 0, i e., there 
is no transformation of heat into work. But this very fact, that a 
circuit without transformation of heat into work is possible, is worthy 
of distinct representation. 
A body may have such properties that in one part of the volume- 

1 jr^ 

entropy diagram — » i* ^-^ ^ is positive and in another negative. 
These parts of the diagram may be separated by a line, in which 



^-0 



dp 



or by one in which -^ changes abruptly from a positive to a 

negative value.* (In part, also, they may be separated by an area in 

dt) 
which -^ =z 0.) In the representation of such cases in any diagram 

of constant scale, we meet with 
a difficulty of the following na- 
ture. 

Let us suppose that on the 
right of the line LL (fig. 10) in 

dp 



a volume-entropy diagram. 



dr/ 



is positive, and on the left nega- 
tive. Then, if we draw any cir- 
cuit ABCD on the right side of 
LL, the direction being that of 
the hands of a watch, the work 
and heat of the circuit will be 
positive. But if we draw any 
circuit EFGH in the same direc- 
tion on the other side of the line 
LL, the work and heat will be negative. For 

1 .-_v^ 








Tr= JJ=: 2S 






* The line which represents the various states of water at its maximum density for 
various constant pressures is an example of the first case. A substance which as a 
liquid has no proper maximum density for constant pressure, but which expands in 
solidifying, affords an example of the second case. 
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and the direction of the circuits makes the areas positive in both 
cases. Now if we sliould change this diagram into any diagram of 
constant scale, the areas of the circuits, as representing proportionally 
the work done in each case, must necessarily have opposite signs, 
L e., the direction of the circuits must be opposite. We will 8up}>ose 
that the work done is positive in the diagram of constant scale, when 
the direction of the circuit is that of the hands of a watch. Tlien, in 

that diagram, the circuit ABCD would have 
that direction, and the circuit EFGH the 
contrary direction, as in figure 11. Now if 
we imagine an indefinite number of circuits 
on each side of LL in the volume-entropy 
diagram, it \iall be evident that to transform 
such a diagram into one of constant scale, 
so as to change the direction of all the cir- 
cuits on one side of LL, and of none on the 
other, the diagram must be /bided over 
along that line ; so that the points on one 
side of LL in a diagram of constant scale do 
not represent any states of the body, while 

on the other side of this line, each point, for 

^ a certain distance at least, represents two 
different states of the body, which in the volume-entropy diagram are 
represented by points on opposite sides of the line LL. We have thus 
in a part of the field two diagrams superj)osed, which must be care- 
fully distinguished. If this be done, as by the help of different colors, 
or of continuous and dotted lines, or othen^'ise, and it is remembered 
that there is no continuity between these superposed diagrams, except 
along the bounding line LL, all the general theorems which have been 
developed in this article can be readily applied to the diagram. But 
to the eye or to the imagination, the figure will necessarily l)e much 
more confusing than a volume-entropy diagram. 

df} 
If -f = for the line LL, there will be another inconvenience in 
dff 

the use of any diagram of constant scale, viz : in the vicinity of the 

df) 
line LL, - -, i. e., l-r-yv « will have a very small value, so that areas 

will be very greatly reduced in the diagram of constant scale, as com- 
pared with the corresponding areas in the volume-entropy diagram. 
Therefore, in the former diagram, either the isometrics, or the isen- 
tropics, or both, will be crowded together in the vicinity of the line 
LL, so that this part of the diagram will be necessarily indistinct. 
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It may occur, however, in the volume-entropy diagram, that the 
same point must represent two different states of the body. This 
occurs in the case of liquids which can be va- 
porized. Let MM (fig. 12) be the line repre- 
senting the states of the liquid bordering upon 
vaporization. This line will be near to the 
axis of entropy, and nearly parallel to it. If 
the body is in a state represented by a point 
of the line MM, and is compressed without ad- 
dition or subtraction of heat, it will remain of 
course liquid. Hence, the points of the space 
immediately on the left of MM represent sim- 
ple liquid. On the other hand, the body being 
in the original state, if its volume should be 
increased without addition or subtraction of 
heat, and if the conditions necessary for vapor- 
ization are present (conditions relative to the 
body enclosing the liquid in question, etc.), the liquid will become 
partially vaporized, but if these conditions are not present, it will con- 
tinue liquid. Hence, every point on the right of MM and sufficiently 
near to it represents two different states of the body, in one of which 
it is partially vaporized, and in the other it is entirely liquid. If we 
take the points as representing the mixture of vapor and liquid, they 
form one diagram, and if we take them as representing simple liquid, 
they form a totally different diagram superposed on the first. There 
is evidently no continuity between these diagrams except at the line 
MM ; we may regard them as upon separate sheets united only along 
MM. For the body cannot pass from the state of partial vaporization 
to the state of liquid except at this line. The reverse process is indeed 
possible ; the body can pass from the state of superheated liquid to 
that of partial vaporization, if the conditions of vaporization alluded 
to above are supplied, or if the increase of volume is carried beyond 
a certain limit, but not by gradual changes or reversible processes. 
After such a change, the point representing the state of the body will 
be found in a different position from that which it occupied before, 
but the change of state cannot be properjy represented by any path, 
as during the change the body does not satisfy that condition of uni- 
form temperature and pressure which has been assumed throughout 
this article, and which is necessary for the graphical methods under 
discussion. (See note on page 309.) 

Of the two superposed diagrams, that which represents simple 
liquid is a continuation of the diagram on the left of MM. The iso- 
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piestics, isothermals and isodynamics pass from one to the other 
without abrupt change of direction or curvature. But that which 
represents a mixture of vapor and liquid will be different in its char- 
acter, and its isopiestics and isothermals will make angles in general 
with the corresponding lines in the diagram of simple liquid. The 
isodynamics of the diagram of the mixture, and those of the diagram 
of simple liquid, will differ in general in curvature at the line MM, but 

not in direction, for t- = — p and -=— = ^. 

dv ^ dtf 

The case is essentially the same with some substances, as water, for 
example, about the line which separates the simple liquid from a mix- 
ture of liquid and solid. 

In these cases the inconvenience of having one diagram superposed 
upon another cannot be obviated by any change of the principle on 
which the diagram is based. For no distortion can bring the three 
sheets, which are united along the line MM (one on the left and two 
on the right), into a single plane surface without superposition. Such 
cases, therefore, are radically distinguished from those in which the 
superposition is caused by an unsuitable method of representation. 

To find the character of a volume-entropy diagram of a perfect gas^ 
we may make b constant in equation (d) on page 321, which will give 
for the equation of an isodynamic and isothermal 

17 z= a log V + Const., 

and we may make p constant in equation (g), which will give for the 
equation of an isopiestic 

7 z= (a -|- c) log V -|- Const. 

It will be observed that all the isodynamics and isothermals can be 
drawn by a single pattern and so also with the isopiestics. 

The case will be nearly the same with vapors in a part of the dia- 
gram. In that part of the diagram which represents a mixture of 
liquid and vapor, the isothermals, which of course are identical with 
the isopiestics, are straight lines. For when a body is vaporized 
under constant pressure and temperature, the quantities of heat re- 
ceived are proportional to the increments of volume ; therefore, the 
increments of entropy are proportional to the increments of volume. 

As -=— = — p and -r- = ^, any isothermal is cut at the same angle by 
dv ^ dtf ' '^ 

all the isodynamics, and is divided into equal segments by equidiffer- 

ent isodynamics. The latter property is useful in drawing systems of 

equidifferent isodynamics. 
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ARRAKOElCEirr OF THB ISOMETBIO, ISOPIESTIO, I80THEBMAL AND I8ENTBOPI0 

ABOUT A POIKT. 

The arrangement of the isometric, the isopiestic, the isothermal and 
the isentropic drawn through any same point, in respect to the order 
in which they succeed one another around that point, and in respect 
to the sides of these lines toward which the volume, pressure, tem- 
perature and entropy increase, is not altered by any deformation of 
the surface on which the diagram is drawn, and is therefore indepen- 
dent of the method by which the diagram is formed.* This arrange- 
ment is determined by ceitain of the most characteristic thermody- 
namic properties of the body in the state in question, and serves in 
turn to indicate these properties. It is determined, namely, by the 

value of (-^j as positive, negative, or zero, L e., by the effect of heat 
\arffy 

as increasing or diminishing the pressure when the volume is main- 
tained constant, and by the nature of the internal thermodynamic 
equilibrium of the body as stable or neutral, — an unstable equilib- 
rium, except as a matter of speculation, is of course out of the 
question. 

Let us first examine the case in which (;/-) is positive and the 

equilibrium is stable. As |-^ j does not vanish at the point in ques- 
tion, there is a definite isopiestic passing through that point, on one 
side of which the pressures are greater, and on the other less, than on 

the line itself. As l-^— j = — \4^) » *^^ ^^s® ^^ the same with the 

isothermal. It will be convenient to distinguish the sides of the iso- 
metric, isopiestic, etc., on which the volume, pressure, etc., increase, 
as the positive sides of these lines. The condition of stability requires 
that, when the pressure is constant, the temperature shall increase 
with the heat received, — therefore with the entropy. This may 
be written [dt : dfj] „ > O.f It also requires that, when there is no 

* It is here aasumed that, in the vicinity of the point in question, each point in the 
diagram represents only one state of the body. The propositions developed in the fol- 
lowing pages cannot bo applied to points of the line where two superposed diagrams 
are united (see pages 335-338) without certain modifications. 

dt 
f As the notation -r- is used to denote the limit of the ratio of ett to (2^, it would not 

{di\ 
be quite accurate to say that the condition of stability requires that ( ^ i > 0. This 

Trans. CJonneoticdt Acad., Voi* II. 27 Mat, 1873. 



340 J, W. irihhs on Graphical Methods in the 

transmission of heat, the pressure should increase as the volume di- 
minishes, i. e., that [dp : c?y] ,y < 0. Through the point in question, 
A (fig. 13), let there be drawn the isometric vv' and the isentropic 
r}rf\ and let the positive sides of these lines be indicated as in the 

figure. The conditions \^-\ > and [<^ : rfw] ^ < require that the 

pressure at v and at ;; shall be greater than at A, and hence, that the 

isopiestic shall fall as pp' in the 
figure, and have its positive side 
turned as indicated. Again, the 
conditions 

(^-)^<0and[<ft:rf;7]p>0 

require that tl\e temperature at 
Tf and at p shall be greater than 
at A, and hence, that the iso- 
thermal shall fall as tt' and have 
its positive side turned as indi- 
cated. As it is not necessary that 

1^1 >• 0, the lines pp' and tt' may be tangent to one another at A, 

provided that they cross one another, so as to have the same order 
about the point A as is represented in the figure ; i. e., they may have 
a contact of the second (or any even) order.* But the condition that 

I -^1 > 0, and hence (;t-) < ^> does not allow pp' to be taugent to 

vv', nor tt' to rpf. 

If ( -^ j be still positive, but the equilibrium be neutral, it will be 

possible for the body to change its state without change either of 
temperature or of pressure ; i. e., the isothermal and isopiestic will be 




condition requires that the ratio of the differences of temperature and entropy between 
the point in question and any other infinitely near to it and upon the same isopiestic 
should be positive. It is not necessary that the limit of this ratio should be positive. 

* An example of this is doubtless to be found at the critical point of a fluid. See 
Dr. Andrews '' On the continuity of the gaseous and liquid states of matter." Phil 
Trans., vol. 159, p. 575. 

If the isothermal and isopiestic have a simple tangency at A, on one side of that 
point they will have such directions as will express an unstable equilibrium. A line 
drawn through all such points in the diagram will form a boundary to the possible part 
of the diagram. It may be that the part of the diagram of a fluid, which represents 
the superheated liquid state, is bounded on one side by such a line. 
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identical The lines will fall as in figure 13, except that the iso- 
thermal and isopiestic will be superposed. 

In like manner, if [•4-] <C ^> i* ^^^1 ^® proved that the lines will 

fall as in figure 14 for stable equilibrium, and in the same way for 
neutral equilibrium, except that pp' and tt' will be superposed.* 

The case that l-i-] =0 includes a 

\drflv 

considerable number of conceivable 
cases, which would require to be dis- 
tinguished. It will be sufficient to men- 
tion those most likely to occur. 
In a field of stable equilibrium it may 

occur that (-/-) = along a line, on 

side of which \-4-\ "> 0, and on the 

\drfl^ 

other side \^) < 0. At any point in such a line the isopiestics will 

be tangent to the isometrics and the isothermals to the isentropics. 
(See, however, note on page ;{39.) 

In a field of neutral equilibrium representing a mixture of two 
different states of the substance, where the isothermals and isopiestics 
are identical, a line may occur which has the threefold character of 
an isometric, an isothermal and an isopiestic. For such a line 

{-—] =0. If {-^J has opposite signs on opposite sides of this 

line, it will be an isothermal of maximum or minimum temperature. f 
The case in which the body is partly solid, partly liquid and 
partly vapor has already been sufiUciently discussed. (See page 333). 



one 




* When it is said that the arrangement of the lines in the diagram must be like that 
in figure 13 or in figure 14, it is not meant to ezdude the case in which the figure (13 
or 14) must be turned over, in order to correspond with the diagram. In the case, 
however, of diagrams formed by any of the methods mentioned in this article, if the 
directions of the axes be such as we have assumed, the agpreement with figure 13 will 
be withoui inversion, and the agreement with figure 14 will also be unthaui inversion for 
volume-entropy diagrams, but toiih inversion for volume-pressure or entropy-tempera- 
ture diagrams, or those in which x = log v and y = log p, or x= ^ and y = log t. 

f As some liquids expand and others contract in solidifying, it is possible that there 
are some which will solidify eitlier with expansion, or without change of volume, or 
with contraction, according to the pressure. If any such there are, they afford exam- 
ples of the case mentioned above. 
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The arrangement of the isometric, isopiestic, etc., as given in figure 
13, will indicate directly the sign of any differential co-efficient of the 

form ( T- ) » where w, w and z may be any of the quantities v,/>, <, /; 

(and f, if the isodynamic be added in the figure). The value of such 
a differential co-eflicient will be indicated, when the rates of increase 
of V, ;>, etc., are indicated, as by isometrics, etc., drawn both for 
the values of w, etc., at the point A, and for values differing from these 

by a small quantity. For example, the value of [-^-\ will be indi- 
cated by the ratio of the segments intercepted upon an isentropic by 
a pair of isometrics and a pair of isopiestics, of which the differences 
of volume and pressure have the same numerical value. The case in 
which W or /T appears in the numerator or denominator instead of a 
function of the state of the body, can be reduced to the preceding by 
the substitution of pdv for d W^ or that of tdrj for dH. 

In the foregoing discussion, the equations which express the funda- 
mental principles of thennodynamics in an analytical form have been 
assumed, and the aim has only been to show how the same relations 
may be expressed geometrically. It would, however, be easy, starting 
from the first and second laws of thermodynamics as usually enunciated, 
to arrive at the same results without the aid of analytical formulae, — to 
arrive, for example, at the conception of energy, of entropy, of abso. 
lute temperature, in the construction of the diagram without the ana- 
lytical definitions of these quantities, and to obtain the various prop- 
erties of the diagram without the analytical expression of the thermo- 
dynamic properties which they involve. Such a course would have 
been better fitted to show the independence and sufficiency of a graphi- 
cal method, but perhaps less suitable for an examination of the com- 
parative advantages or disadvantages of different graphical methods. 

The possibility of treating the thermodynamics of fluids by such 
graphical methods as have been described evidently arises from the 
fact that the state of the body considered, like the position of a point 
in a plane, is capable of two and only two independent variations. 
It is, perhaps, worthy of notice, that when the diagram is only used 
to demonstrate or illustrate general theorems, it is not necessary, 
although it may be convenient, to assume any particular method of 
forming the diagram ; it is enough to suppose the different states of 
the body to be represented continuously by points upon a sheet. 



XII. List of Marine Alg^ collected neab Eastport, Maine, 
in August and September, 1873, in connection with the work 
OP THE XJ. S. Fish Commission under Prof. S. F. Baird.* By 
Daniel C. Eaton. 



1. Fucus vesiculosus, L. 

2. Fucus nodosus, L. 

Both these species were very abundant on the rocks and wharves 
everywhere, between tide-marks. No Fucus aerratus was found, 
though diligently sought for. It was found many years ago at New- 
buryport, Mass., by Capt. Pike (see Harvey's Nereis Bor. Am., Ill, 
p. 122), and has recently been sent from Pictou harbor. Nova Scotia, 
by Hev. J, JS, Fowler. 

3. Desmarestia viridis, Lamouroux. 

Abundant on the wharves at Eastport, just below low-water-mark, 
and seen also at Dog Island. 

4. Desmarestia aculeata, Lamour. 

Even more common than the last, principally the aculeate form. 
The pencilled form, however, was found by Mr, Prudden, 

6. Alexia esculenta, Grev. 

Very abundant on rocks just below low-water-mark at Dog Island, 
and probably equally common in most similar places. — ^The shape of 
the pinnae is varible, even on the same plant. One large specimen 
has obovate pinnse five inches long and three broad, as those of ^. 
Pylaii should be, but the base of the frond, so far from being cuneate 
and decurrent, is broad and rounded. 

6. Laminaria dermatodea, DeLaPylaie. 

Dog Island, uncovered at extreme low-water. One specimen was 
brought up by the dredge off Campobello Island in twenty-five 

* I was at Eastport Aug. 12-17, collecting most of the time. Mr. T. M. Prudden 
and Mr. John B. Isham collected many specimenSf both before and after my visit. 
Professor and Mrs. Yerrill made large collections after I was at Eastport, and Dr. 
Edward Palmer collected a few species on Grand Menan. All these coUectionB were 
placed in my hands for study. D. G. E. 
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fathoms of water. As the stem was freshly cut, and the frond not 
water-worn, the plant must have grown at this great depth. 

•y. Laminaria longicruris, DeLaPyiaie. 

Common, but none were seen at Eastport of very great size. Grand 
Menan, 20 feet long. Prof, VerrtU, A small but well characterized 
s{)ecimen was found by me in November, 1872, at Old Lyme, Con- 
necticut : I believe it had not before been observed south of Cape 
Cod. 

8. Laminaria saccharina, Lamouroux. 

Common with the last, at and below low-water-mark. Among the 
specimens is one with a third lamina, or half-frond, somewhat nar- 
rower than the others, but running the whole length of the frond. 
Near the edge of one of the broadest wings are slight indications of a 
fourth wing. This explains the little known i. trUaminata of Mr. 
Olney, and shows it to be only a case of accidental deduplication or 
transverse chorisis. The specimen is about two feet long and six 
inches wide at the base, the stem slender and scarcely two inches long. 

9. Agarum Tumeri, Postells and Ruprecht. 

Abundant, growing with the common Laminarias, also dredged at 
20-25 fathoms by Prof VerrtU, 

10. Chorda Filum, stackhouse. 

Common in £astport harbor, from one to many feet below low- 
water-mark. 

11. Chorda lomentaria, Lyngbye. 

Abundant about the piers and wharves of the town, and at Dog 
Island, etc., mostly uncovered at low water. Some of the fronds are 
two or three feet long, half an inch in diameter, and often very much 
spirally twisted. 

12. Chordaria flagelliformis, Agardh. 

Very common in tide-pools and between tide-marks, assuming a 
great variety of forms. Var. minor, Agardh, is plentiful, especially 
in a great tide-pool at Dog Island. It is a profusely branched plant, 
with very slender branches, and might very easily be mistaken for 
Dictyosiphon fomiculaceus. Only very careful microscopic study 
will avail to distinguish them. 

13. Elachista fUcicola, Fries. 
Common on Fucus, Prof VerriU, 



2>. G. Eaton — Algap. from JEiistport^ Maine, 346 

14. Ectocarpus brachiatus, Harvey. 

16. Ectocarpus littoralis, Lyngbye. 

16. Ectocarpus siliCUlOSUS, Lyngbye. 

17. Ectocarpus tomentOSUS, Lyngbya 

All these species of Ectocarpus, and possibly one or two others, 
were collected on piles and rocks between tides, by Pro/. Verrill and 
Mr. Isharn. Authors do not seem to be at all united as to the limits 
of species in this genus, and with uncertain characters, and too often 
with specimens not in fruit, the identification of species is most 
doubtful. 

18. Polysiphonia urceolata, GrevOie. 

Common on rocks a few feet below low-water-mark. This is a 
very variable plant, passing from coarse and somewhat rigid forms, 
by many gradations, to the delicate var. roseola of J. G. Agardh 
(P. formosa, Harvey, Ner. Bor. Am.). 

19. Polysiphonia violacea, GreviUe. 

Collected early in August at Treat's Island by Mr, Pruddeti, 

20. Polysiphonia fastigiata, Greviiie. 

Very abundant on Fucub nodoaus at Dog Island, etc. Grand 
Menan, Dr, Palmer (with 24-26 tubes!). 

21. Corallina officinalis, Linn. 

Rock-pools on outer coast of Caropobello Island. Grand Menan, 
abundant. Prof. Verrill, This plant, which Dr. Harvey (Nereis Bor. 
Am., II, p. 83) said had not been sent him by any of his American 
correspondents, is abundant at Cape Ann, at Wood's Hole, and in 
various parts of Long Island Sound. 

22. Lithothamnion polymorphum, Areschoug, in J. G. Agardh's 8p. 
Alg., n, p. 624. 

Dredged in 18-20 fathoms, and encrusting rocks and shells up to 
low-water-mark; also seen in tide-pools. This is the common 
" NuUipore " of the coast of Maine, and occurs in a great many forms, 
from a minute dot up to branching knobby masses several inches in 
diameter. 

23. Delesseria sinuosa, Lamouroux. 

Cast ashore on Campobello Island and Grand Menan, also dredged 
abundantly in many places at ten to forty fathoms, and off Campo- 
bello Island in very deep water, (seventy-five fathoms. Prof. Verrill.) 
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24. Delesseria alata, Lamourouz. 

Growing on Ptilota serrata at Dog Island, below low- water-mark, 
Mr. Pruddefi. Grand Menan, Dr. Palmer. Some of the specimens 
have the margins of the segments entire as described by Dr. Harvey, 
and as seen in fine Irish specimens sent me by Dr. Dickie, bnt others 
are much denticulated and laciniated, so as to suggest 2>. dentieulcUa 
of Montague ; but as transitions occur, and even the common Cape 
Ann plant has the margins by no means entire, I prefer to refer all 
the £astport specimens to D, alata. 

26. Calliblepharis ciliata, Kutzing. 
Campobello Island, Mr. Prudden. Grand Menan, Dr. Palmer. 

26. Polyides rotundus, GrevUie. 
Tide-pools, common. 

27. Hildenbrandtia, ? 

Forming a very smooth, thickish, dark red crust on rocks, and 
sometimes on shells, always covered at low tide, and in rock-pools on 
Campobello Island. The only specimen brought home is not in fruit, 
and therefore I cannot identify it with certainty. The cells are 
about twice the diameter of those of the common Hildenbrandtia of 
southern New England, which I take to be -ff Crouaniy 3. G. 
Agardh. 

28. Euthora cristata, J- G. Agardh. 

Rock-pools, on Campobello Island. Grand Menan, Dr. Palmer^ 
with conceptacular fruit. 

29. Rhodymenia palmata, GrevUie. 

Very abundant, mostly between tides. A condition with numerous 
frondlets developed from the surface of the main frond is not un- 
common. 

30. Ahnfeltia plicata, Fries. 
Grand Menan, Dr. Palmer. 

31. Cystoclonium purpurascens, Kutzing. 

Tide-pools, on Campobello Island. Grand Menan, Dr. Palmer. 

32. G-igartina mamillosa, J. G. Agardh. 

Very abundant on rocks, mostly just above low-water-mark, also in 
tide-pools. 
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33. ChondniS CrispUS, Lyngbye. 

A single specimen was given to Mr. Isham by a gentleman who 
found it at Grand Manan. The plant is dwarfish, and with narrow 
entangled divisions, but the section shows the proper cellular struc- 
ture of this species. 

34. Halosaccion ramentaceum, J. o. Agardh. 

Plentiful on the rocks from half-tide down to the lowest tide-mark, 
and assuming very different forms. Some specimens are like the 
figure in Nereis Bor. Am., but most of the examples collected show a 
tendency to produce sword-shaped, flattened fronds, either simple or 
proliferously branched. The largest fronds are over a foot long, and 
an inch wide in the middle, from which they taper to a very slender 
base, and to a somewhat acute apex. When they remain simple, and 
all the largest are simple, they gradually become much curved, and 
the convex edge especially becomes much inflated and irregularly 
crested. For this form I propose the name of Var. gladicUum. Since 
I find no difference in the cellular structure, and since all kinds of in- 
termediate forms occur, I dare not regard this form as a distinct 
species, though it is very unlike the forms hitherto known. 

35. Ceramium nibrum, Agardh. 

Found in a rock-pool on Campobello Island. Grand Manan, Prof, 
VerriU and Dr, Palmer, 

36. Ceramium Hooperi, Harvey. 

Found by Prof VerriU on the piles of a wharf in Fastport, and at 
Grand Manan. Herring Cove, Mr, Prudden, In these specimens the 
creeping surculi are not preserved, but the cells, of nearly equal diame 
ter and length, are filled with a beautiful rosy-purple endochrome, the 
nodes are coated with a definite band of rather large cellules, and 
some of the specimens show a few of the root-like filaments which Dr. 
Harvey saw on Mr. Hooper's original specimens from Penobscot Bay. 

37. Ptilota serrata, Kutzing. 

Cast up on the shores, and dredged abundantly, even found at 75 
fathoms. Growing below low-water-mark at Dog Island, Mr, Prud- 
den. This alga varies considerably in the coarseness or delicacy of 
its parts, and one large but very delicate specimen from 60 fathoms 
depth off Grand Manan has some of the opposite branches or ramuli 
equally developed, so as to imitate P. plumosa not a little. I have 
seen no specimens from this region of undoubted P, plumosa^ though 
as I write a true specimen of it is sent to me from Portland, collected 

by Mrs, Roy, 
Tbans. Connecticut Acad., Vol. II. 28 July, 1873. 



348 D, G, Eaton — Algi^ from Eastporty Maine, 

38. Ptilota elegans, Bonnemaison. 

Tide-pools on Campobello Island, at Hernng Cove. Little Green 
Island near Grand Manau, Mr, Isham, 

89. CaUithamnion Americanum, Harvey. 

40. CaUithamnion Pylaisaei, Montagno. 

41. CaUithamnion floccosum, Agardh. 

These three species of CaUithamnion were found parasitic on 
Ptilota aerrata at Dog Island by Mr, Prudden^ and Nos. 40 and 41 
were found growing on muscle-shells among the wharves by Prof. 
VerriU, 

42. CaUithamnion Rothii, Lyngbyo. 

Growing in the piles of the wharves near low-water-mark, and on 
the rocks at Dog Island and Grand Manan, exposed at low- water, 
Prof, VerriU and Mr, Prudden, 

43. Porph3rra vulgaris, Agardh. 

Very common between tide-marks, growing chiefly on other algce, 
particularly on Polysiphonia fastigiata. 

44. Euteromorpha intestinalis, Link. 

Not so common as the next ; found in a tide-pool near high-water- 
mark, on Campobello Island. 

45. Enteromorpha compressa, GreWUo. 

Very common about the docks, etc., growing as high up as the tide 
ever reaches. 

46. Enteromorpha ? 

Floating in a large entangled mass in Cobscook Bay. — Fronds very 
pale-green, unbranched, filiform, tubular, varying in width, when 
compressed, from .001 inch to .03 inch ; cells sub-quadrate or oblong, 
.0003 to .0005 inch in diameter, about eight rows in the slenderest 
fronds. I cannot identify this with any published species, but in the 
present state of my knowledge of the genus I am unwilling to give it 
a new name. The cells are much more regularly four- sided than in 
E, compressa, 

47. Ulva latissima, L. 
Very common. 

48. Cladophora arcta, DUiwyn. 

Abundant on rocks and piles of wharves near low-water-mark. 
Older plants, with the filaments much matted together ( C, centralis^ 



2>. (7. Eaton — Algce. from Eastport^ Maine. 349 

Ktttzing,) wore found on tlie S. E. side of Campobello Island, in a 
rock-pool so high that ordinary tides would fail to reach it. 



40. Cladophora ? 

On Polyidea rotundus and Gigartina^ at Dog Island, etc. — Plant 
forming deep-green tufts one-half to one inch in diameter, lilament 
.0012 in. in diameter irregularly dichotomous, subcorymbose at the 
ends ; cells mostly about twice as long as their diameter, rarely 2^ 
times, often less than twice ; rootlets none. — ^This has much the habit 
of C, lanosa, but lacks the rootlet-like branches, and has even the 
terminal cells very short. 

50. Cladophora flexuosa, Griffiths. 

Collected by l^of, Verrill and Mr, lahatn, 

61. ChaBtomorpha Melagonium, Weber aAd Mohr. 
Tide-pools at very low levels, not rare. 

52. ChaBtomorpha tortuosa, DOiwjm. 

Grows in long entangled masses on Fticua and other large algae, 
also on the piles of the wharves, quite common. 

5:j. Hormotrichum boreale, Harvey? 

Attached and free, in brackish pools just above high- water-mark on 
Little Green Island, Prof, Verrill. 

Filaments light yellowish green, very long, entangled, average 
diameter, .0008 inch, cells from once to twice as long as their diame- 
ter, slightly constricted at the end ; endochrome dispersed in roundish 
granules of very unecjual size. 

54. Hormotrichum Speciosum, Carmichael? 

Found on Chordaria JiayeUifortniSy covering it with a dense dark- 
green pile. Filaments one-half to one inch long, their diameter .0015 
to .0010 inch, very uniform; cells distinct, only one-fourth to one-third 
as long as their breadth, the filament slightly indented at each arti- 
culation ; endochrome dense, a thin disk of it in each cell. I am very 
doubtful if this be the plant figured at plate 186 B of Phycologia 
Brittanica. 

55. Hormotrichum Carmichaelii, Harvey. 

On lobster-cages floating in the docks at Eastport, Prof. Verrill. 
Filaments much entangled, dark green, the diameter varying from 
.0008 inch to .0016 or even more, cell-wall very thick, the dissepi- 
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merits not evident ; endochrome dense, at first in barrel-shaped 
masses rather longer than thick, at last separating into somewhat 
lens-shaped disks. 

56. Oscillatoria, ? 



Forms a dark blue or purple slimy coating on piles and logs, only 
in shaded places, Prof. Verrill, Filaments bluish-green, .0001 to 
.00013 inch in diameter. Probably a common European species, but 
I have no means of comparing it with authentic specimens. 



Tlie above list is as complete as the collections made will permit. 
It will be remembered that Algaj were sought for only a few weeks 
in August and September : — if this coast could be thoroughly ex- 
plored at different seasons the list would doubtless be much extended. 

New Haven, March 19th, ISIii. 



XIII. — The Early Stages op the American Lobster {Homarm 
Americanus Edwards). By Sidney I. Smith.* 



A great part of the published observations on the early history of 
the higher cmstacea has been confined to the changes which take 
place in the embryo within the egg or immediately after leaving it. 
Of the later stages, which connect the newly hatched young with the 
adult, very little is known, even in species of which the embryology 
proper has been considerably studied. This results naturally from the 
great difficulty of rearing the young of these animals in confinement. 
In fact, it is usually easier to obtain the young in the different stages 
directly from their native haunts, as has been so successfully done for 
some of the radiates and worms by Alexander Agassiz, than to at- 
tempt to rear them in ordinary vessels or small aquaria. In the case 
of many of the higher Crustacea, a part of the early history might 
often be traced back from the adult more easily than it can be from 
the egg up. 

The following account of the development of the American lobster 
during its free-swimming stages is one of the results of the facilities 
for collecting and studying the marine animals of Vineyard Sound, 
Buzzard's Bay and the adjacent region, afforded me during the sum- 
mer of 1871, by Professor Spencer F. Baird, United States Commis- 
sioner of Fish and Fisheries. 

Numerous specimens of the free-swimming young of the lobster, in 
different stages of growth, were obtained in Vineyard Sound, but my 
time while there was so fully occupied in collecting that little was 
left for studying the animals while alive. The figures and descriptions 
which follow — except a few notes on color — have consequently all 
been made from specimens preserved in alcohol, so that this article is 
confined almost wholly to the development of the tegumentary ap- 
pendages and does not include a study of the anatomy of the soft 
internal organs. 

As no opportunities were offered in 1871 for observations upon the 
young within the Qgg^ this deficiency has been partially supplied by 

* A brief abstract of a part of this paper, with the figures on plate XIY, appeared 
in the American Journal of Science, 3d series, voL iii, p. 1, June, 18*72. A short notice 
of it is also inserted in an article on "The Metamorphoses of the Lobster and other 
Crustacea," in the Report of the U. S. Commissioner of Fish and Fisheries on the Con- 
dition of tlie Sea Fisheries of the Southern Coast of New England in 1871 and 1872, 
p. 522, 1873. 
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a few observations at New Haven in May, 1872.* Eggs taken May 
2, from lobetera captured at New Iiondon, Connecticut, had embryos 
well advanced, as repreaeoted in figure 1. la this sti^e the eggs are 
slightly elongated spheroids, 
about 2.1'"™ in the longer dia- 
meter and 1.9 in the shorter. 
One side is rendered very opa- 
que dark green by the nnab- 
sorbed yolk mass, while the 
' other shows the eyes as two 
large black spots, and the red 
I pigment spots on the edge of 
the carapax, bases of the legs, 
etc., as irregular lines of pink 
markings. 

In a Hide view of the embryo, 
the lower edge of the carapax 
(ft, figure 1) is clearly defined 
and extends in a gentle curve 
from the middle of the eye to 
the posterior border of the embryo. This margin of the carapax is 
marked with dendritic spots of red pigment. The whole dorsal por- 
tion, fully one-half the embryo, is still occupied by the nnabsorlied 
portion of the yolk (a, a, figure 1), of which the lower mai^n, repre- 
sented in the figure by a dotted line, extends from close above the 
eye in a curve nearly parallel with the lower mai^n of the carapax, 
but with a sharp indeutation a little way behind the eye. The eyes 
(c, figure 1) are large, nearly round, not entirely separated &om the 
Burroundiog tissue", and with a central portion of black pigment. 

The antennulai (d, figure 1) are simple, sack-like appendages, aris- 
ing from juKt beneath the eyes, with the terminal portion turned back- 

* The season at which the female labiileni carrj eggs varies very much on different 
puta of the coast Lobsters from New Londoo and 8toning[toi), Connecticut, u« with 
eggs in April and Maj, while at Halifax, Nova Scotl*, I found them with eggs, in which 
the embrfos were just beginning to develop, early in September. A oonMponding 
variation ia noticed in the lobster of the European coast 

t Embryo, some time before hatching, removed from the external envelope and 
shown in a side view enlarged V) diameters ; a, a, dark-ji^ecn jolk mass still unab- 
■orbed; fr, iateral margin of tho carapax marked with many desdritic spots of red 
pigment; c,e;e; d^ antennula; «, antenna; / external maxllliped; y. great cheliped 
which forms the big daw of the adult; k, outer swimming branch or exopodui of the 
same; i, the four ambulator; legs with their ezopodal branches; i, inlestinei J^ heart; 
til, bilot>od tail seen edgewise. 
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ward and marked with several large dondritic Bpots of red pigment 
In specimens a little fnrtber advanced (figure 2) the fatnre antennula is 
Pj 2, slightly separated from the external 

membrane of the sack and is seen 
forming within it, and at its tip 
there appear to be several rudi- 
mentary setfe. 

The anteniife (e, fignre 1) are but 
little larger than the antennulte and 
are sack-like and without articula- 
tions, hnt the scale and fl^ellnm 
are separated and bent backward, 
the scale being represented by the 
large and somewhat expanded lobe, 
and the flagellum by a shorter and 
slender lobe which arises from near the base of the scale. In speci- 
mens a little further advanced (figure 2), the extremity of the scale 
shows a few very short and rudimentary seta, and the flagellum is 
ti]iped with three of the same character. 

The mandibles, both i)airs of maxilla', and the first and second 
maxilliiwds are not sufliciently developed to be seen without remov- 
ing the edge of the carapax and the adjacent parts. By dividing the 
embryo in two, however, removing the carapax, and viewing the 
parts under compression, a number of lobes corresponding to the 
mouth organs can be seen (figure 2). The anterior of these (c, fignre 
2), apparently representing the mandible, is broad, simple and clearly 
defined. Next are several small and indistinct lobes {d, figure 2) re- 
pix'senting, probably, the maxillfe. Then, a lai^er lobe, indistinctly 
divided into three parts at the extremity (e, fignre 2), represents the 
first maxllliped, and a slender lobe, with the terminal portion divided 
into two processes (/, figure 2), represents the second maxilliped. 
Tiie external maxilliped«(/, figure l,andy, figure 2) are well developed 
and almost exactly like the posterior cephalothoracic lega. Both the 
branches are simple and sack-like, the main branch, or endognatbu8,f 



* Cephalic sppendag^a of the left iiide of an embryo a little further at 
tiguro 1 , OB Been under compression, enlarged 40 illiameters ; a, antennula ; b, antmiia ; 
c, ninodiblc; d, uaxiDit; r, first msiilliped; / second maiilliped; g, bueof extemd 

t To prevent confusion, the terms here used are the Latin forms of those proposed 
by Milne Edwards to designate the different branches of the cephalothoracic b^ 
poDdiiges: tndojiodia, for the main branch of a leg; exopodue, for the accessory branch ; 
e/ii/nHlua, for the flabelliforni appendage; and endognathia, acofputthttt, and epignaOiM, 
for the oorresponding braDClies of the mouth organs. 
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mnch larger and slightly longer than the outer branch, or exognatbus, 
which is quite slender. 

The five pjiira of cephnlothorHcic legs (g, h, i, figure 1, and a, b, 
figure 3) are all similar and of about the same Rize, except the main 
branch of the first pair, (g, figure 1, and a, figure 3,) which ia much 
larger than that of the others, but is 
still sack-like and entirely without ar- 
ticulatioDS. The outer or ezopodal 
branches of all the legs are slender, 
wholly nnarticulated, sack-like processes, 
while the inner or nitun (endopodal) 
branches of the four posterior pairs are 
similar, but much stouter and slightly 
longer processes arising from the same 
bases. The bases of all the legs arc 
. marked with dendritic spots of red pig- 
ment like those upon the lower msi^in 
of the curapax. 
The abdomen (m, figure 1) is curved round beneath the cephalo- 
thorax, the extremity extending between and considerably in front of 
the eyes. The segments are scarcely distinguishable. The telaon 
(figure 4) is fdlly a third of the entire length of the abdomen, and, as 
seen from beneath the embryo, is slightly ex- 
panded into a somewhat oval form, and very 
deeply divided by a narrow sinus, rounded at 
the extremity. The lobes into which the tail 
is thus divided are narrow, and somewhat ap- 
proach each other toward the extremities, where 
they are each armed along the inner edge with 
tix small obtuse teeth. 

The heart (/, figure l) is readily seen, while 

the embryo is alive, by its regular pulsations. 

It appears aa a slight enlargement in the dorsal 

vessel, just under the posterior portion of the 

I carapax. The intestine (4, figure 1) is distinctly 

visible in the anterior portion of the abdomen as 

a well defined, transparent tube, in which float 

I little granular masses. This material within the 

intestine is constantly oscillating back and forth 

as long as the embryo is alive, 

• First and aecoud cephalothoraoic legs, m seen detaohed from the body and iiudcr 
compresiiioii, enlarged 40 di&melerB; a, leg ot tlie anterior pair ; t, leg of the second pnir. 
f Extremity of llie ubdonien, seen from above and alightly eompregHed, enlarged 30 
diametera. 



Fig. 4,t 
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The subsequent development of the embryo within the egg was not 
observed. 

The following observations on the young larvae, after they have 
left the eggs, have been made upon specimens obtained in Vineyard 
Sound, or the adjacent waters, during July. These specimens were 
mostly taken at the surface in the day-time, either with the towing or 
hand net, and represent three quite different stages in the true larval 
condition, besides a later stage approaching closely the adult : (1) a 
free-swimming schizopodal form with the full number of cephalothor- 
acic appendages, the abdomen without appendages, and the six pos- 
terior pairs of cephalothoracic appendages pediform and their exopo- 
dal branches developed into powerful swimming organs ; (2) a simi- 
lar form in which the rudimentary appendages have appeared upon 
the second to the fifth segments of the abdomen ; and (8) a form in 
which the exopodal branches of the six posterior pairs of cephalo- 
thoracic appendages have decreased much in size, proportionally with 
the rest of the animal, and in which well formed appendages have ap- 
peared upon the penultimate segment of the abdomen in addition to 
those upon the second to the fifth segments. For convenience, I have 
designated these forms as the first, second, and third larval stages. 
In the next form observed the animal has lost all its schizopodal char- 
acters and assumed the more important features of the adult, although 
still retaining the free-swimming habit of the true larval forms. This 
stage I have indicated as the earliest stage of the adult fonn. The 
exact age of the larvse in the first stage was not ascertained, but 
was probably only a few days, and they had most likely molted only 
once after leaving the eggs. 

First larval stage. 

In this stage the young are free-swinmiing schizopods about a third 
of an inch (7-8 to 8-0"^'"-) in length (plate XIV, figs. A, B). The 
carapax is short and broad, somewhat gibbous posteriorly as seen 
from above, and projects in front into an unarmed, long, very slender 
and acute rostrum, which is horizontal, flattened vertically, and only 
a little less than half as long as the entire carapax including the 
rostrum. The inferior angle of the anterior margin projects, beneath 
the eye, into an acute, spiniform and prominent tooth. The cervical 
suture is faintly indicated, but no other areolation is perceptible. The 
posterior portions of the branchial regions are expanded laterally and 
the posterior margin incloses a space considerably larger than the 
base of the abdomen. 

Trans. Connbotiout Acad., Vol. II. 29 July, 1873, 
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The ocular peduncles are very short and thick, directed straight 
outward, and apparently admit of only a small amount of motion. 
The cornea projects very slightly beyond the margin of the carapax 
and is very large, its diameter being about a third as great as the 
breadth of the carapax. 

The antennulie (plate XV, fig. 6, enlarged 30 diametei-s) are short, 
simple, sack-like appendages, about half as long as the rostrum, 
slightly contracted proximally, and entirely without division into seg- 
ments. At tip they are each furnished with three simple sette, one 
stout and about half as long as the antennula itself, the others very 
small and placed at the base of the larger. No sign of auditory ap. 
paratus could be discovered. In one specimen, w^hich was approach- 
ing the time of molting, the antennulae of uhe next stage was plainly 
visible through the integument (plate XV, fig. 7, enlarged 30 diame- 
ters), and show distinctly two separated segments representing the 
peduncle, the partial separation of the secondary, or inner, flagellum, 
and the hairs toward the tip of the outer flagellum. 

The antennse (plate XV, fig. 11, enlarged 30 diameters) are slightly 
longer than the antennulsB and much further developed. There is a 
sharp tooth at the base of the scale. The scale itself is highly de- 
veloped and resembles considerably that of many of the Mysidea. It 
is broad, considerably longer than the flagellum, armed with a sharp 
tooth at the extremity of the outer margin, and the inner edge is 
fiiniished with very long plumose hairs, which are jointed through 
most of their length, and taper to» very slender tips. The flagellum is 
shorter than the scale, separated from its peduncle by an articulation, 
but is itself not divided into segments, and is naked except at the 
tip, which is furnished with three equal, slender, plumose hairs like 
those upon the scale, only somewhat shorter. 

The mandibles (plate XV, fig. 13, enlarged 26, and fig. 14, enlarged 
40 diameters) are delicate and the crowns alone indurated. The palpi 
are very small, short and cylindrical, the three subequal segments 
faintly indicated, and the tip of each furnished with two short hairs. 
They are directed straight forward and apparently have no power of 
acting within the edges of the mandibles as in the adult The coronal 
edges of the mandibles are asymmetrical In both there is a very small 
molar-like area (fig. 14, b) at the posterior angle covered with fine 
teeth or bristles, and, in front of this, the margin, nearly to the anterior 
angle, is armed with acute spiriform teeth which are hooked slightly 
backward. At the anterior angle this margin is turned abruptly 
backward for a short distance below (in the natural position of the 
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animal) the other edge, as a stout lamelliform process. This process 
is quite different in the two mandibles. In the left (fig. 14, a) its 
posterior margin is separated from the body of the mandible for 
quite a distance, and its inner, or terminal, edge divided into three 
irregular obtuse teeth, of which the posterior is most prominent ; 
while on the right side this process is separated only for a short dis- 
tance, the teeth are quite different in form, and the posterior one is 
the least prominent. 

In the first pair of maxillas (plate XVI, fig. 1, enlarged 40 diame- 
ters) the endognathus is composed, as in the adult, of two lobes (fig. 
1, a, ^), the proximal lobe (a) rounded at tip and margined with 
scattered setiform spinules, the distal lobe {f>) truncated at the ex- 
tremity, which is armed, somewhat as in the adult, with closely set 
acute spinules. The cxognathus (fig. 1, e) is much shorter than the 
endognathus, is composed of a single article, and is armed at and near 
the distal extremity with four setae (fig. la, enlarged 100 diameters), 
of which two are at the tip, the inner one about as long as the 
exognathus itself, the outer a little shorter ; another, about as long as 
this last, arises from an emargination on the inside a little way from 
the tip ; while the fourth arises near the base of the inner one and is 
very small. 

In the second pair of maxillsB (plate XVI, fig. 4, enlarged 40 dia- 
meters) the four lobes of the endognathus (a) are proportionally 
much shorter than in the adult, the tips are broadly and evenly 
rounded and si)arcely armed with stout and simple setae. The 
exognathus (fig. 4, b) is short, scarcely reaching to the tip of the 
outer lobe of the endognathus. It is naked nearly to the tip, which 
is armed with six simple setoe. Three of these setae are at the very 
tip {fig, 4a, enlarged 100 diameters), the inner and longest one 
equalling in length the body of the exognathus itself, the middle one 
somewhat shorter, and the outer very small ; two others, as long as 
the middle one of the tip, arise together from an emargination upon 
the inner side near the extremity ; while another starts from just 
below the bases of these, but is only half as long as they. The an- 
terior j)ortion of the epignathus (fig. 4, c) is about as long and slightly 
broader than the outer lobe of the endognathus, while the posterior 
portion is quite small, but little larger than the anterior. The edge 
of the epignathus is furnished all round with rather stout, jointed, 
and densely plumose hairs. 

The first, or inner, maxillipeds (plate XVI, fig. 6, enlarged 40 dia- 
meters) diftbr from those of the adult chiefly in being more rudimen- 
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tary. The endognathus (fig. 6, a) is only sparsely armed with stout 
setsB along and near the inner margin. The two segments of the 
mesognathus (fig. 6, h) are about equal in length, the basal one with 
two long simple setae on the inner side at the distal extremity, and 
the terminal one with four at and near the tip. Of these terminal 
setae (fig. Ctf, enlarged 100 diameters) the longest about equals in 
length the terminal segment of the mesognathus itself and arises 
from an emargination on the inner side close to the tip, two, 
successively shorter, arise from the tip itself, while below the base of 
these is one still shorter. Tlie exognathus (fig. 6, c) is not longer 
than the mesognathus, shows no segmentation, the outer edge is fur- 
nished with twelve to fifteen jointed, plumose setae (fig. 6 ^, enlarged 
200 diameters), and at tip with two very short setae, while the inner 
edge is naked. The epignathus (fig. 6, d) is small and naked, the 
posterior portion, though much longer than the anterior, is propor- 
tionally very much smaller than in the adult, and the extremity is 
rounded and ])roduced at the inner angle. 

The second maxillipeds (plate XVI, fig. 9, enlarged 40 diameters) 
are not flattened and appressed to the inner mouth organs as in the 
adult. The endognathus is stout and cylindrical, the last three seg- 
ments are bent inward at nearly a right angle, and all the segments 
have about the same proportional lengths as in the adult. The inner 
sides of all the segments below the meral are armed with a few nearly 
straight setiform spines, while the carpal segment upon the outer side, 
and the succeeding ones all round, are sparcely armed with rather 
stout spines, some of which are minutely serrate ; the terminal spine 
is much stouter than the others and curved toward the tip. The 
exognathus (fig. 9, a) is slender, rudimentary, composed of a single 
article, does not reach beyond the meral segment of the endognathus, 
and is furnished at the extremity with a very few short and rudimen- 
tary setae, two of which are at the tip and two or three more arise 
from slight emarginations in each side, thus showing a very slight 
approach to the flagelliform character which this appendage has in 
the adult, although there is as yet no indication of segmentation, 
even at the tip. The epignathus (fig. 9, b) is rudimentary and sack- 
like, scarcely longer than the diameter of the segment from which it 
arises, and is apparently without a branchial appendage. 

The external maxillipeds (plate XVI, fig. 13, enlarged 25 diameters) 
are elongated and pediform, the endognathus being as long as and 
much like the endopodi of the posterior legs, while the exognathus is 
like the exopodal branches of all the legs. The segments of the 
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endognathuB are all nearly cylindrical, and the five distal are armed 
with slender spines along the inner sides. The meral and propodal 
segments are equal in length, the ischial and carpal also equal in 
length, but a little shorter than the meral and propodal, while the 
terminal segment is scarcely longer than the diameter of the propo- 
dus, tapers rapidly to the tip, which is armed with three slender spines, 
the shortest of which is considerably longer than the segment itself 
and the longest nearly three times as long. The spines upon the 
distal end of the propodus are about as long as the segment itself, 
while those upon the inner sides of the other segments are much 
shorter. Most of the spines are armed for a large part of the length 
with two rows of acute and closely set teeth ; although the two long- 
est of the terminal ones and some of the others appear to be wholly 
unarmed. The exognathus (fig. 13, a) is about half as long as the 
endognathus, the distal, flagelliform portion being longer than the 
basal and composed of eight or nine segments, each of which is fur- 
nished at the distal end with two very long jointed and ciliated hairs, 
the distal ones fully as long as the flagelliform portion, but the ones 
toward the base somewhat shorter. The epignathus (fig. 13, b) and 
the three branchial appendages (fig. 13, c) are very rudimentary, 
being represented by small sack-like lobes, the one representing the 
epignathus larger than the others and distinguished from them by its 
better defined outline and less cellular structure.* 

The anterior cephalothoracic legs (plate XIV, fig. 2>, enlarged 20, 
and plate XVII, fig. 9, enlarged 40 diameters), corresponding to the 
great chelate legs of the adult, are exactly alike, scarcely longer than 
the external maxillipeds, and only imperfectly subcheliform, with no 
power of prehension. The endopodus is stouter than in the second 
and third legs, but scarcely, if any, longer. The segments are all 
nearly cylindrical, and all except the coxal are armed along the inner 

* The number of branchiae, or branchial pyramids, in the American lobster is 
twenty on cncli side : a single small one upon the second maxillipcd, three weU- 
developed ones upon the external maxilliped, three upon the first cephalothoracic leg, 
four each upon the second, third, and fourth, and one upon the fifth. The number is 
probably the same in the European species, although the statements of different 
authors in regard to it are confused and contradictory. De Haan (Fauna Japonica, 
Crustacea, p. 146) states the number, for the genus Homarvs^ as nineteen on each 
side, giving only two for the external maxilliped, while Owen (Lectures on the Anat- 
omy of the Invertebrate Animals, 2d ed., p. 3*22) and £dwards (Histoire naturelle 
des Cnistaces, tome i, p. 86) gives the whole number on each side as twenty-two, 
although Edwards in another place in the same work, under Hbmarus (tome iii, p. 
383), j?ives twenty as the number. 
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side, and the distal three all round, with slender spines. The propo- 
dus (plate XVTI, fig. 9) is the longest and slightly the stoutest of the 
segments, the basal portion as long as the merus, the digital portion 
much shorter than the dactylus and tapering rapidly to a short spine- 
like tip, the inferior side armed with several pairs of slender spines, 
some of which are armed with two rows of acute teeth, and the distal 
end, on each side at the base of the digital portion, with a long slen- 
der spine armed, like those just mentioned, with two rows of acute 
teeth. The dactylus itself is much shorter than the basal portion of 
the propodus, tapers rapidly to the tip, which is terminated by a 
spine nearly as long as the dactylus itself, and is armed on both mar- 
gins with several small and slender spines. The exopodus (plate 
XIV, fig. J9, a) is just like the exognathus of the external maxillipeds, 
except that the flagelliform portion is a little longer and composed 
of ten segments. The epignathus (fig. 2>, b) and the three branchial 
appendages (fig. 2>, c) are almost exactly like those of the external 
maxillipeds. In the specimen figured all the branchial appendages 
were farther developed than in most of the specimens examined. 

The second pair of legs (plate XVII, figs. 1 and la, enlarged 20 
diameters) are nearly or quite as long as and very much like the first 
pair, but the endopodi are considerably more slender, the propodus is 
scarcely stouter than the carpus, is armed with fewer spines beneath, 
and the digital portion is much less developed, while the dactylus is 
more slender and is terminated by a longer spine. The exopodus, 
epipodus, and the four branchial appendages are just like the corres- 
ponding parts of the anterior legs, the flagelliform portion of the 
exopodus being composed of ten segments, as in all the other legs. 

The third pair of legs are in all respects like the second pair, and 
appear to be quite indistinguishable from them. 

The fourth and fifth pairs of legs are styliform, a little more slender 
than the second and third pairs, and the endopodi and exopodi in 
both pairs are quite similar in structure. The endopodi of the fourth 
pair are armed with slender spines like those upon the second and 
third pairs; their propodal segments are slender, longer than the 
other segments, and are armed on the inside, near the base of the 
dactylus, with several long spines themselves armed with two rows of 
acute teeth ; and the dactyli are slender, rapidly tapering, half as 
long as the propodi, and are each terminated by a slender, slightly 
curved, spiniform stylet fully twice as long as the segment itself, and 
armed upon the outer side with rows of acute teeth like those 
upon the long spines of the propodus. The exopodi, epipodi, and the 
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branchial appendages are exactly like the corresponding parts of the 
second and third pairs of legs. 

In the posterior pair of legs (plate XVII, fig. 6, terminal portion of 
one, enlarged 40 diameters) the endopodus is slightly more slender 
than in the fourth pair, the propodus is proportionally a little lon- 
ger, and the slender stylet at the tip of the dactylus is considerably 
more than twice as long as the dactylus itself. The exopodus is like 
that of the other legs, and the single rudimentary, branchial appen- 
dage is of the same size as those of the other legs. 

The abdomen is slightly longer than the entire length of the cara- 
pax, quite slender, tapers gradually toward the extremity, and all 
the segments except the expanded telson are nearly cylindrical. The 
first segment does not extend beyond the posterior margin of the 
sides of the carapax and is entirely unarmed. The second, third, 
fourth and fifth segments are subequal in length, and each is armed 
with a stout dorsal spine arising from the posterior margin and curved 
backward, and has the posterior margin produced each side below 
into a smaller, straight, tooth-like spine. The lateral spines increase 
slightly in size from the second to the fifth segment. The dorsal 
spine upon the second segment is shorter than the segment itself^ that 
upon the third is longer than the segment, and those upon the third 
and fourth are still longer and nearly equal. (Plate XVIIl, fig. 8, 
lateral view of the fourth segment, enlarged 20 diameters, and fig. 9, 
diagram of a section of the same segment seen from behind, enlarged 
30 diameters.) The penultimate segment is a little longer than the 
preceding, and is armed above with two short spines like the one upon 
the second segment, except that they are more curved toward the ex- 
tremities. 

The telson (plate XVIII, fig. 1, enlarged 20 diameters, and la, 
portion of one of the angles, enlarged 40 diameters) is closely arti- 
culated to the penultimate segment, so as apparently to admit of no 
motion between them, and is developed into a very large lamellar 
swimming appendage somewhat triangular in outline, with the pos- 
terior margin deeply concave. This caulal lamella is fully as long as 
the four preceding segments together and nearly the same in breadth 
across the posterior angles, being fully as broad as the widest part of 
the carapax. The posterior margin is deeply and regularly concave 
in outline, is armed with a stout median spine and the lateral angles 
project in long spiniform processes, while each side between the 
lateral angles and the median spine there are fourteen or fifteen stout 
plumose setae articulated to the margin (plate XVIII, fig. la), the seta 
next the lateral angle being very much smaller than the others. 
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In life the eyes are bright blue; the anterior portion and the lower 
margin of the carapax and the bases of the legs are speckled with 
orange ; the lower margin, the whole of the penultimate, and the 
basal portion of the ultimate segment of the abdomen, are brilliant 
reddish orange. 

In this stage the larvae were first taken July 1, when they were 
seen swimming rapidly about at the surface of the water among great 
numbers of zo^se, megalops, and copeopods. Their motions and 
habits recall at once the species of Mysis and Thysanopoda^ but 
their motions are not quite as rapid and are more irregular. They 
were frequently taken at the surface in different parts of Vineyard 
Sound from July 1 to 7, and several were taken off Newport, Rhode 
Island, as late as July 15, and they would very likely be found also 
in June, judging from the stage of development to which the embryos 
had advanced early in May in Long Island Sound. Besides the spe- 
cimens taken in the open water of the Sound, a great number was ob- 
tained, July 6, from the well of a lobster-smack, where they were 
swimming in great abundance near the surface of the water, having 
imdoubtedly been recently hatched from the eggs canied by the 
female lobsters confined in the well Some of these specimens lived 
in vessels of fresh sea-water for two days, but all efforts to keep them 
alive long enough to observe their molting failed. They appeared, 
while thus in confinement, to feed principally upon very minute ani- 
mals of different kinds, but were several times seen to devour small 
zo68B, and occasionally when much crowded, so that some of them be- 
came exhausted, they fed upon each other, the stronger ones eating the 
weaker. 

Second larval stage. 

In this stage the larva3 have increased somewhat in size, and rudi- 
mentary appendages have appeared upon the second to the fifth seg- 
ments of the abdomen. 

The carapax is proportionally a little narrower than in the first 
stage and the cervical suture is a little more distinctly indicated. 
The rostrum (plate XV, fig. 2, enlarged 10 diameters) is much 
broader at base, more triangular in outline, and is armed on each side 
toward the base with three or four teeth, the terminal portion being 
slender, acute and unarmed. The number of teeth upon the sides of 
the rostrum vary somewhat in different specunens and often on the 
different sides of the same specimen. In all, however, there is a stout 
tooth each side over the eye and either two or three smaller ones in 
front of it. 
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The ocular peduncles are slightly longer and less stout in propor- 
tion than in the first stage, and the cornea is not quite as broad. 

The antennulae (plate XV, fig. 8, enlarged 20 diameters) are pro- 
portionately no larger than in the last stage, but the three segments of 
the peduncle are distinctly defined and the flagella are separated down 
to the peduncle. The primary, or outer, flagellum is as short as the 
peduncle, indistinctly divided into about six segments, and the inner 
side furnished, especially toward the distal extremity, with many 
cylindrical, and apparently tubular, hairs, which are half a'B long as 
the flagellum itself and truncated at tip. The secondary, or inner, 
flagellum is slender, about a third the diameter of the primary, and 
considerably shorter, shows no division into segments, and is furnished 
with one long and one very short cilium at tip. The distal segment 
of the peduncle bears, near the base of the secondary flagellum, a 
single, long, sparsely ciliated hair, perhaps auditory in its function, but 
no other indication of auditory apparatus connected with the pedun- 
cle was discovered. 

The antennsB are as in the first stage, except that the flagella are 
almost as long as the scales, and in all the specimens examined are 
without the long hairs at the tips. 

The mandibles are as in the first stage, except that they are perhaps 
slightly more indurated and the segments of the palpi more distinctly 
indicated. 

In the first maxillse, the spines and setae upon the lobes of the 
endognathus have increased slightly in number and size. The ex- 
ognathus is proportionally somewhat longer and has an additional 
seta at the tip, so that there are three terminal ones increasing in 
length from the outside; while the large one upon the inside arises 
somewhat further from the tip. 

In the second maxillae, the lobes of the endognathus and the ex- 
ognatbus are as in the first stage, except a slight increase in the num- 
ber and size of the spines upon the lobes of the endognathus. The 
posterior portion of the epignathus has increased considerably in 
length and is much broader than the anterior portion. 

The first, or inner, maxillipeds differ only very slightly from those 
in the first stage. The mesognathus is relatively of the same size 
and is furnished with the same number of setae. The exognathus is 
slightly longer in proportion and the posterior portion of the epigna- 
thus is proportionally larger than the anterior portion. 

In the second maxillipeds the endognathus has changed very little 
from the first stage, the proportions of the segments and the number 

Trans. Connecticut Acad., Vol. II. 30 August, 1873. 
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and arrangement of the spines being almost exactly the same, while 
the articulations between the segments seem to be more distinctly 
marked. The exognathus has increased very slightly in length, and 
the extremity shows a slight approach to the flagelliform character 
in the increased length of the rudimentary seta?, though there is still 
no segmentation even at the tip. The epignathuS (plate XVI, fig. 
10, enlarged 40 diameters) has increased very little in size, but shows 
a very slight rudiment of a branchial appendage as a minute lobe on 
the inside near the base (fig. 10, c). 

The endognjithi and exognathi of the external maxillipeds are as in 
the first stage, except that the endognathus is a little more slender and 
the terminal segment proportionally a little longer. The epignathus 
and the three branchial appendages have increased very much in size, 
the latter being elongated and the edges distinctly crenulated, but 
the epignathus still somewhat sack-like and entirely without hairs. 
These appendages are in exactly the same stage of development as 
those upon the legs, and as rei)resented in the figure of one of the 
legs of the second pair (plate XVII, fig. 2, 5, c, enlarged 20 diame- 
ters). 

The anterior cephalothoracic legs (plate XVII, fig. 10, distal por- 
tion of one, enlarged 20 diameters) are proportionally much larger 
than in the first stage, and have become truly cheliform. The propo- 
dus is proportionally much longer than in the first stage, is armed 
only with very short spines, and the digital portion is nearly as long 
as the basal, and its tip is incurved and terminates in a short and slen- 
der nail. The dactylus is very slightly longer than the digital por- 
tion of the propodus, is shaped very much like it, and has apparently 
some power of prehension with it. The exopodus is larger, having 
in(n*ea8ed in proportion with the other legs. The epignathus and the 
three branchial appendages are like those of the external maxillipeds. 

The second and third pairs of legs (plate XVII, fig. 2, one of the 
second pair, enlarged 20 diameters) are alike and have increased con- 
siderably in length. The spines upon the propodus are shorter and 
the digital portion is more elongated, slightly incurved, and ter- 
minated by a short nail. The dactylus is more slender, much longer 
than the digital portion of the propodus, and terminates in a spini- 
form stylet nearly as long as the dactylus itself, but considerably 
shorter than in the first stage. The exopodus, epipodus, and the 
branchial appendages are like those of the anterior legs. 

The fourth pair of legs have increased in length proportionally with 
the second and third pairs, the spines upon the distal extremity of 
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the propoduB are relatively shorter, the body of the dactylus has in- 
creased in length so that it is more than half as long as the propodus, 
but the styliform tip is much shorter, scarcely if at all longer than 
the dactylus itself, but still retains its armature of sharp teeth along 
one side. The exopodus, epipodus, and the four branchial appendages 
are the same as in the second and third pairs. 

The posterior legs (plate XVII, fig. 6, enlarged 20 diameters, and 
fig. 5a, terminal portion enlarged 40 diameters) are proportionally as 
long as the fourth pair, but are more slender. The propodus and 
dactylus are relatively longer and more slender than in the first stage, 
and the terminal stylet of the dactylus, though longer than in the 
fourth pair, is but little longer than the dactylus itsell The exopo- 
dus is like that of the other legs and the single branchial appendage 
is like the others. 

The abdomen is slightly stouter relatively than in the first stage, 
and the appendages of the second, third, fourth and fifth segments 
have appeared. The dorsal spines upon the second to the sixth seg- 
ment are of the same form but slightly shorter than in the first stage, 
and the spiniform lateral angles of the same segments are a little 
shorter and stouter. • 

The telson (plate XVIII, fig. 2, enlarged 20 diameters) is relatively 
smaller and broadcF at base, being more quadrilateral in outline, and 
the stout plumose setae of the posterior margin are much smaller. 
The articulation between the telson and the penultimate segment is 
more distinct than in the first stage, but apparently still admits of 
very little if any motion. 

The natatory legs of the second, third, fourth and fifth segments 
(plate XVIII, fig. 6, one of the legs of the third segment, enlarged 
30 diameters) differ somewhat in size in different specimens, but are 
nearly as long as the segments themselves. The terminal lamellse of 
these appendages are simple, oblong and sack-like, without sign of 
segmentation or clothing of hairs or setae. 

Specimens in this stage were taken only twice, July 1 and 15. 
They have the same habits and general appearance as in the first 
stage. In color they are almost exactly the same, only the orange- 
colored markings are perhaps a little less intense. 

Third larval stage. 

In this stage (plate XIV, fig. E^ enlarged 8 diameters) the larvte 
are about half an inch (12 to 18""") in length, the integument is 
of a firmer consistency than in the earlier stages, and the entire animal 
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has begun to lose its schizopodal characters and to assume some of 
the features of the adult. 

The carapax has nearly the same general form as in the earlier 
stages, but the cervncal suture is much more distinct, and the inferior 
angle of the anterior margin is prolonged into a much less prominent 
tooth. The rostrum (plate XV, fig. 3, enlarged 10 diameters) is 
somewhat depressed from the base to near the tip, is proportionally 
shorter and broader than in either of the earlier stages, and its mar- 
gins are armed with the same variable number of teeth as in the 
second stage. 

The ocular peduncles are slightly more slender, the eyes themselves 
are proportionally a little smaller than in the second stage, and the 
peduncles apparently admit of considerable motion. 

The antennulas (plate XV, fig. 9, enlarged 20 diameters) are longer 
and more slender than in the second stage, but are still considerably 
shorter than the rostrum. The outer flagellum is distinctly divided 
into about ten equal segments, and the distal half of the inner margin 
is furnished with numerous hairs similar to those in the second stage, 
only smaller and not more than half as long. The inner flagellum is 
three-fourths as long as the outer, slender, rather indistinctly divided 
into eight to ten segments, and entirely naked. 

The antennae retain the essential features of the earlier stages. The 
scale is proportionally as large, and is furnished with the same form 
of plumose hairs along the inner margin as in the first and second 
stages. The flagellum is about a half longer than the scale, indis- 
tinctly multiarticulate and apparently without terminal set® or 
lateral hairs. 

The mandibles (plate XV, fig. 15, enlarged 25 diameters, and figs. 
16, 17, 18) have nearly the same form as in the first ajid second stages, 
but the crowns are more indurated and thickened, the teeth not quite 
as acute, and the anterior portion of the margin not quite as abruptly 
recurved, while the palpi have increased considerably in size, the last 
segment being much longer than either of the others, and tipped with 
five, instead of two, short hairs or seta?. 

In the first maxillae, the spines and setae upon the lobes of the 
endognathus are more numerous and considerably stouter than in the 
second stage. The exognathus is proportionally no longer than in 
the first and second stages, and has the same number of setae at the 
extremity as in the second stage ; these setae (plate XVI, fig. 2, en- 
larged 100 diameters) are, however, proportionally a little shorter and 
stouter, the inner, and longer, of the three terminal ones is a little 
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below the tip, and the two upon the inner side are still further from 
the tip than in the second stage. 

The second maxilla) have not changed from the last stage, ex- 
cept in a slight increase in the number of sette upon the lobes of the 
endognathus, and a similar increase in the stout plumose hairs upon 
the margins of the epignathus, of which the posterior lobe is a little 
broader than in the second stage. 

In the first maxillipeds (plate XVI, fig. 7, enlarged 40 diameters), 
the anterior portion of the endognathus is proportionally larger and 
the spines upon its inner margin are more numerous than in the first 
and second stages. The mesognathus has the same number of term, 
inal setfiB (fig. 7a, enlarged 100 diameters) as in the earlier stages, but 
there are several short hairs along the outer margin, and three setae 
upon the inner side of the distal end of the basal segment. The exo- 
gnathus has increased considerably in length, and its extremity has 
begun to show slightly the flagelliform character, although there are 
as yet no distinct articulations, and only three or four short hairs on 
the inner margin near the tip. 

In the second maxillipeds, the endognathus has become slightly 
compressed and the meral segment is longer in proportion, but other- 
wise is nearly as in the first stage. The exognathus has increased 
somewhat in length, and the terminal portion shows two or three dis- 
tinct segments and several quite long plumose and jointed hairs, thus 
clearly indicating its flagelliform character. The epignathus (plate 
XVI, fig. 11, enlarged 40 diameters) has increased slightly in size, and 
the branchial appendage at its base appears as a well defined lobe 
(fig, ll,c) longer than the breadth of the epignathus itselfl 

The external maxillipeds show a slight change toward the adult 
fomu They have not increased in size so rapidly as the legs, and the 
form and proportions of the segments of the endognathus are quite 
different, the segments being slightly flattened and angulated on the 
inner margin, the ischial, meral and propodal segments about equal 
in length and longer than the others, the articulation between the 
ischium and merus oblique, and the distal portion canied bent in- 
ward by a marked geniculation between the merus and carpus and a 
slight one between the propodus and dactylus. The terminal seg- 
ment also is longer and more slender than in the earlier stages, and 
the spines at the tip and on the whole inner margin of the endogna- 
thus are proportionally smaller, although of about the same number 
as in the adult. There are no indications of teeth or crenulations 
upon the inner margin of the ischium. The exognathus is relatively 
shorter than in the earlier stages, having increased scarcely at all in 
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size. The flagelliform portion is composed of the same number of 
segments as in the earlier stages, but the plumose hairs are somewhat 
shorter. The epignathus has increased much in size, has entirely lost 
its sack-like character, and is ftimished with a few hairs along the 
margins. The three branchial appendages have also increased much 
in size, and are lobed along the sides. The epignathus and branchial 
appendages are in the s&me stage as those upon the second pair of 
legs (plate XVII, fig. 3, enlarged 20 diameters). 

The anterior legs (plate XVII, fig. 11, distal extremity of one, 
enlarged 20 diameters) have increased very much in size, and begin 
to resemble somewhat those of the adult, although they are still just 
alike on the two sides, and differ very conspicuously in the form of 
the propodus, which has the lower margin nearly straight, the upper 
margin convex, and the fingers thus somewhat deflexed, while in the 
earliest state of the adult form the lower margin is strongly convex 
and the fingers turned slightly upward. The endopodus reaches be- 
yond the extremities of the other legs by the full length of the 
propodus, is proportionally very much stouter than they, and is fur- 
nished with only short spinules and hairs. The propodus is broad 
and stout, the inferior margin nearly straight, and the digital portion 
about two thirds as long as the basal and tapering to an obtuse ex- 
tremity. The dactylus is strongly curved downward toward the tip, 
which is slender but not acute. The exopodus is proportionally much 
smaller than in the second stage, being absolutely about as large and 
having the same number of segments in the fiagelliform portion but 
furnished with shorter plumose hairs. The epipodus and the branchial 
appendages are like those of the external maxillipeds and have evi- 
dently begun to perform the same functions as in the adult. 

The second and third pairs of legs (plate XVII, fig. 3, one of the 
second pair enlarged 20 diameters) have increased considerably in 
size and become truly cheliform. The inferior margin of the propodus 
is armed only with very small spines, but there is still, as in the 
earlier stages, a long spine armed with acute teeth, on each side at 
the base of the dactylus, and the digital portion- is nearly as long as 
the dactylus, is minutely toothed along the inner edge and terminates 
in a very short styliform tip. The dactylus projects only slightly 
beyond the propodus and like it is toothed along the inner edge and 
terminates in a slender tip. The exopodus, epipodus and branchial 
appendages are like those parts in the anterior legs as well as in the 
fourth pair. 

Tlie fourth pair of legs are of the same length as the second and 
third, the spines upon the propodus are relatively a little shorter than 
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in the second stage, while the daetylus itself is relatively longer, but 
is terminated by a shorter stylet. 

The posterior legs (plate XVII, fig. 7, terminal portion of one, 
enlarged 40 diameters) have changed precisely in the same way as 
those of the fourth pair. 

The abdomen is armed with the same number of dorsal spines as 
in the first and second stages, but they are all much smaller than 
in the second stage. The lateral angles of the second to the fifth 
segments project in shtirp angular teeth, which are much shorter and 
broader than in the earlier stages and project obliquely backward and 
downward. 

The telson (plate XIV, fig, 1*\ enlarged 15 diameters, a, one of the 
plumose setae, enlarged 76 diameters, and plate XVIII, fig. 3, enlarged 
20 diameters) is of nearly the same form as in the second stage, but 
is proportionally much smaller — although absolutely fully as large — 
considerably broader at base, and the setae and spines are very much 
smaller. The natatory legs of the second, third, fourth, and fifth 
segments (plate XVIII, fig. 6, one of the legs of the third segment, 
enlarged 30 diameters) have increased much in size, the lamellsB are 
fully twice as long as in the second stage, are somewhat lanceolate in 
form, and the margins of the distal half show a slight indication of 
segmentation and are furnished with very short rudimentary setae 
clothed with very short hairs (fig. 6a, enlarged 100 diameters). 

The appendages of the penultimate segment (plate XVIII, fig. 8, 
enlarged 20 diameters) are well developed, although relatively smaller 
and otherwise quite different from those of the adult. The outer 
lamella is broad ; rudely oval, wholly without a transverse articula- 
tion near the extremity, and the outer margin is naked and nearly 
straight for two-thirds its length, then obliquely truncated at a slight 
angle and continuous in a regular curve with the posterior and inner 
margins, and clothed all the way, except near the base of the inner 
side, with long plumose setae (plate XVIII, fig. 3a, enlarged 60 diam- 
eters) articulated to the margin but apparently not divided into seg- 
ments like the seta3 of the exopodal branches of the cephalothoracic 
legs. The inner lamella is a little smaller than the outer, more regu- 
larly ovate, and margined all round, except near the base, with 
plumose setae like those upon the outer lamella. 

Tlie only specimens procured in this stage were taken July 8 and 
15. In color they were less brilliant than in the earlier stages, the 
orange markings being duller and whole animal slightly tinged with 
greenish brown. 
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Early stages of the adult form. 

Between this stage and the third larval stage there is possibly an 
intermediate form wanting. Tlie changes in the whole appearance of 
the animal have been so much greater than between the iirst and 
second or between the second and third larval stages, that, although 
the difference in size is inconsiderable, the whole change did not per- 
haps take place at one molt. 

In this stage the animal is about three-fifths of an inch (14 to 17™") 
long, has lost all its schizopodal characters, and has assumed the 
more important features of the adult lobster. It still retains, how- 
ever, the free-swimming habit of the true larval forms, and was fre- 
quently taken at the surface, both in the towing and hand net. Al- 
though it resembles the adult in many features, it differs so much 
that, were it an adult, it would undoubtedly be regarded as a distinct 
genus. 

The carapax has nearly the same form as in the adult, being longer 
and proportionally narrower than in the third larval stage, and not 
gibbous upon the sides posteriorly. The areolation is as distinct as 
in the adult. The tooth upon the anterior margin, just over the base 
of the antenna, is rather more prominent than in the adult, but there 
seems to be no small spine back of this on the side of the carapax as 
there is in the adult. The rostrum (plate XV, figs. 4 and 6, enlarged 
10 diameters) is about two-fifths as long as the carapax including the 
rostrum, broad, expanded in the middle, and terminates in a slender 
bifid tip (fig. 4a, enlarged 25 diameters). The edges are clothed with 
plumose seta? (fig. 4ft, enlarged 50 diameters) and three or four teeth 
on each side besides a small one near the base and a little way back 
from the margin, and in some specimens with a minute additional 
spine on each side near the slender terminal portion. 

The ocular peduncles are elongated and of nearly the same form as 
in the adult. 

The antennulje (plate XV, fig. 10, enlarged 20 diameters) have 
assumed the form and character of those of the adult. The basal 
segment is broad and has a well developed auditory chamber contain- 
ing otolithes and similar to that of the adult, although, in the alco- 
holic specimens examined, the chamber appeared to be open while in 
the adult it is closed. All the segments of the peduncle have a few 
hairs or setie upon the outside, and the ultimate and penultimate on 
the inside also. The flagella are nearly equal in length, the outer 
being slightly longer, and extend only a little beyond the tip of the 
rostrum. The outer flagellum is very stout, composed of ten to twelve 
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segments, most of which are as broad as long, and is furnished along 
the inner side, especially on the distal portion, with many short, stout 
and jointed setae. The terminal segment is slender, scarcely half as 
thick as the others, much longer than broad, and obtusely rounded at 
the tip. The inner flagellum is slender and composed of nine or ten 
segments, which are nearly all twice as long as broad, and furnished 
at the distal end with several very short hairs. The terminal seg- 
ment is slightly narrower than the others, and obtusely rounded and 
furnished with four short hairs at the tip. — In the full grown adult 
lobster the antennulaa differ in having much longer and more slender 
flagella, the inner being a little longer than the outer, and both extend- 
ing for more than three-quarters of their length beyond the rostrum. 
The outer flagellum is composed of a great number of very short 
segments, and the terminal portion tapers to a long slender tip and 
is furnished along the inner side with numerous setae as in the earlier 
stage. The inner flagellum is not so much more slender than the 
outer as in the earlier stage, and is composed of very numerous seg- 
ments which are as broad, or nearly as broad, as long. 

The antennae (plate XV, fig. 12, enlarged 10 diameters) still retain 
some marked characters of the larval stage. The second segment of 
the peduncle projects into an angle on the outside at the base of the 
scale, not into a stout tooth as in the adult. The scale is still quite 
large and lamelliform, projecting half its length beyond the peduncle, 
and is furnished on the inner margin with long plumose setae as in 
the larval stages, though in this stage the margin projects in a slender 
process at the insertion of each seta. The flagellum is slender, fully 
as long as the carapax to the tip of the rostrum, and is composed of 
thirty-six to forty segments which are as long as or much longer than 
broad, and furnished at the distal end with several short hairs or 
setJB. — In the full grown adult lobster the antennal scale is reduced 
to a stout tooth-like appendage extending scarcely beyond the fourth 
segment of the peduncle and with a thick expansion upon the inner 
side, and the stout tooth at its base is nearly as large as the scale it- 
self The flagellum is fully twice as long as in the young state, and 
is composed of very numerous short segments closely articulated 
together. 

The mandibles (plate XV, fig. 19, enlarged 25 diameters, and fig. 
20, left one seen from the inside, enlarged 40 diameters) have lost the 
lamelliform processes and approach in general form those of the 
adult, but the crowns are much less massive and their edges are con- 
spicuously dentate. 'Hie palpi have the same form as in the adult. 

Trans. Connectiout Acad., Vol. II. 31 August, 1873. 
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the terminal segment being broad, flattened, clothed with numerous 
setae, and acting within the edges of the crowns as in the adult. 

The first maxillae (plate XVI, fig. 3, enlarged 20 diameters) have 
the proximal lobe (fig. 3, a) of the endognathus rounded at the ex- 
tremity as in the adult but with much fewer setaj, while the distal 
lobe (fig. 3, h) is not expanded at the end as in the adult and, like the 
proximal lobe, has fewer setce. The exognathus (fig. 3, c) is composed 
of two segments as in the adult, but the terminal segment is much 
shorter than the other, nearly straight, and naked to the extremity, 
which is tipped with three setw of different lengths, while in the 
adult this terminal segment is as long as the basal, curved sinuously 
backward and outward, is ciliated along the inner or anterior margin, 
and tipped with numerous seta?. 

The second maxilla? (plate XVI, fig, 5, enlarged 20 diameters) differ 
but slightly from those of the adult. The anterior of the four lobes 
(fig. 6, a) of the endognathus is rounded at the extremity, while in the 
adult it is subtruncate, and the extremities of all the lobes are armed 
with fewer seta? than in the adult. The exognathus (fig. 5, h) is rela- 
tively longer than in the adult, but is fiirnished with only a few hairs, 
while in the adult it is thickly ciliated along the inner edge and at 
the tip. The epignathus (fig. 6, c) is relatively a little smaller than 
in the adult. 

In the first maxillipeds (plate XVI, fig. 8, enlarged 20 diameters) 
the endogathus (fig. 8, a) is slightly narrower than in the adult and 
has fewer marginal setie. The terminal segment of the mesognathus 
(fig. 8, h) is narrow, tapers to an obtuse extremity and has but a very 
few marginal cilia, while in the adult it is ovate in outline and closely 
fringed with cilia. The exognathus (fig. 8, c) is a little shorter than 
in the adult, and the terminal flagelliform portion is composed of a 
few (seven or eight) segments as long as broad and furnished at the 
distal ends with long plumose hairs, while in the adult the segments 
are very short and numerous and the hairs quite short. Tlie epigna- 
thus is not prolonged posteriorly into so long and slender a point as 
it is in the adult. 

In the second maxillipeds (plate XVI, fig. 12, enlarged 20 diame- 
ters) the endognathus is only sparsely armed with spines and setae:, 
while in the adult it is thickly beset with them. The exognathus 
(fig. 12, a) is nearly as long as in the adult, but the flagelliform portion 
differs, as the same part in the first maxillipeds, in being composed 
of few segments with long plumose haii*s, while in the adult the seg- 
ments are very numerous and the hairs short. The epignathus (fig. 1 2, 
h) is much shorter than in the adult and the branchial appendage 
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(fig. 12, c) is obtuse at the tip and has only a few lobes in the margin, 
wliile in the adult it is slender at the tip and is made up of numerous 
slender papillse. 

The endognathus of the external maxillipeds (plate XVI, fig, 14, 
enlarged 1 diameters) has nearly the same form and proportions as 
in the adult, but is funiished with fewer and longer setae, and the 
teeth upon the inner angle of the ischium are fewer and more acute. 
Tlie exognathus (fig. 14, n) is relatively no longer than in the adult, 
but the flagelliform portion is composed of fewer segments and is 
furnished with much longer plumose setae. The epignathus (fig. 14, h) 
is much shorter than in the adult, and is not prolonged as there into 
a long and slender extremity. The three branchial appendages (fig. 
14, c) are proportionally shorter and more obtuse than in the adult, 
and have comparatively few and short papillae. 

The anterior cephalothoracic legs (plate XVII, fig. 12, terminal 
portion of the right one, enlarged 10 diameters) are alike on the two 
sides, are considerably longer than the carapax to the tip of the ros- 
trum, and are formed much like the smaller one in the adult, although 
considerably more slender and wanting the stout teeth upon the 
upper edge of the basal portion of the propodus. 

The legs of the second and third pairs (plate XVII, figs. 4, and 
4«, one of the second pair, enlarged 20 diameters) are of the same 
form and proportions as in the adult, but are armed with fewer and 
relatively longer spines and setce. 

Tlie legs of the posterior and penultimate pairs (plate XVII, fig. 8, 
terminal ])ortion of one of the posterior pair, enlarged 20 diameters), as 
well as those of the second and third pairs, are like those of the adult 
in form and proportions, but are armed with fewer spines and setae. 

The abdomen (plate XVIII, fig. 10, side view of the second to fifth 
segments, enlarged 8 diameters, and fig. 4, telson with the appendages 
of the penultimate segment on one side, enlarged 20 diameters) is 
scarcely as long as the cephalothorax, including the rostrum, while in 
the adult it is considerably longer. The lateral angles of the second, 
third, fourth, and fifth segments are prolonged downward into long 
and acute teeth, and the second segment is similar to the following 
ones and overlaps the first segment scarcely at all. In the full-grown 
adult, the sides of the second segment are broad, overlap the first 
segment, and are truncated below with the anterior angle rounded 
and the i)osterior right-angled, while the sides of the third, fourth, 
and fifth segments are narrow and have the postero-lateral angles 
projecting backward in a slight tooth. Xo ajipendages could be 
found upon the first segment. Tlie natatory legs of the second, third. 
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fourth and fifth segments (plate XVIII, fig. 7, one of the legs of the 
third segment, enlarged 20 diameters) are proportionally larger than 
in the adult, the terminal lamellte especially being much longer and 
furnished with very long plumose and jointed setae (plate XVIII, 
^g. la^ enlarged 100 diameters). 

The telson (plate XVIII, fig. 4, enlarged 20 diameters) is nearly 
quadrangular, as wide at the extremity as at the base, and the pos- 
terior margin is arcuate, but does not extend beyond the prominent, 
spiniform lateral angles, and is furnished with long plumose hairs. In 
the adult the telson is not quadrangular, but much narrowed toward 
the extremity, which is strongly arcuate, nearly semi-circular and pro- 
jects far beyond the small dentiform lateral angles. The lamelhe 
of the appendages of the penultimate segment (fig. 4) are regularly 
oval and margined with long plumose hairs, and the outer lamellte 
have a transverse articulation near the tip as in the adult, although 
the proximal side of this articulation is not armed as in the adult 
with numerous slender teeth, but with only a single obtuse one near 
the middle. In the adult the lamelUe are not regularly oval but 
broader distally and somewhat truncate at the extremities. 

In color they resemble closely the adult, but the green of the back 
is lighter, and the yellowish markings upon the claws and body are 
proportionately larger. 

In this stage, the young lobsters swim very rapidly by means of 
the abdominal legs, and dart backward, when disturbed, with the 
caudal appendages, frequently jumping out of the water in this way 
like shrimp, which their movements in the water much resemble. 
They appear to live a large part of the time at the surface, as in the 
earlier stages, and were often seen swimming about among other 
surface animals. They were frequently taken from the 8th to the 
28th of July, and very likely occur much later. 

Specimens in this stage vary considerably in size, and it is barely 
possible that they represent two different molts. The following mea- 
surements of three specimens taken at different dates illnstrate these 
differences in size. 

Jal7 15. July 98. July 30. 

Length from tip of rostrum to extremity of telson, i4'0™n- 16-2™°' 16*8"«°- 

" of carapaz to tip of rostrum, 6*8 8*2 8*4 

" " rostnmi, 2*7 3-2 3*2 

Breadth of carapaz, 24 2*9 3*§ 

Length of propodus of anterior leg, right side,--. 42 5*3 %*4 

" " dactylus " " " " -.. 20 25 2*5 

" " propodus " " left side, 43 6-3 6-4 

" " dactylus ** " " " 20 26 2*5 
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From the dates on which the different forms were taken, and from 
the known rapidity with which the young of allied genera increase in 
size and come to the mature form, there can be no doubt that the 
young pass through all the stages I have described in the course of a 
single season, and it is probable that the largest of the young just 
mentioned had not been hatched from the egg more than six weeks 
and very likely only a much shorter time. How long the young 
retain their free- swimming habit after arriving at the lobster-like form, 
was not ascertained. 

Specimens three inches in length have acquired nearly all the char- 
acters of the full grown adult. Tlie rostrum is not more than a 
fourth of the length of the carapax including the rostrum, and in 
form is more like that of the second and third stages of the larvcB 
than that of the earliest stage of the adult form. It is regularly and 
very narrowly triangular, the terminal third slender, spiniform and 
unarmed as seen from above, but broader as seen in a lateral view and 
armed below with two small teeth directed forward, the middle por- 
tion armed each side above with two spiniform teeth, the posterior 
one slightly the smaller, and sometimes a third, still smaller one, 
back of the others. 

The antennula? are about two-thirds as long as the carapax includ- 
ing the rostrum, the peduncles reach nearly to tip of the rostrum, 
and the inner Hagella are slightly longer than the outer. The flagella 
of the antennae are nearly as long as the rest of the animal, and the 
peduncle reaches nearly to the tip of the rostrum. The antennal 
scale is still considerably larger proportionally than in the full grown 
adult, reaching nearly to the extremity of the peduncle, but it is 
reduced to a stout tooth-like appendage with a lamellar expansion 
upon the inner side. 

The mandibles are nearly as massive as in the full-grown adult, and 
the posterior portion of the outer edges of the crowns are smooth and 
continuous and not dentate, as in the earlier stages. 

The anterior cephalothoracic legs are relatively very much stouter 
than in the earlier stages and are unlike on the two sides, as in the 
full-grown, the propodus upon one side being much broader than 
upon the other and the prehensile edges of the propodus and dactylus 
wanting the dense clothing of short hairs or setae which are conspicu- 
ous upon the other leg. 

The sexual appendages upon the first segment of the abdomen are 
fully developed. The sides of all the abdominal segments, the telson, 
and the appendages are almost exactly as in the full-grown. 
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For convenience of comparison, the detailed measurements of the 
young in these different stages are arranged together on p. 378. 

A comparison of the larval stages of the European lohster with 
those of our own species would be very important and interesting, 
but as far as 1 can learn, no complete figures or descriptions of the 
larval stages of the European lobster after leaving the egg have been 
published. Rathke's* figures of the embryo of the Euroi)ean lobster 
just before leaving the Qgg^ indicate the base of the antennula as com- 
posed of three distinct segments, the branchial appendages of the 
external maxillipeds and the cephalothoracic legs as much further 
advanced than they are in the first larval stage of the American 
lobster described in this paper, and the appendages of the penul- 
timate segment of the abdomen are already represented by small 
lobes beneath the abdomen. In the same stage of the embryo, the 
lateral spines upon the second to the fifth segments of the abdomen 
have appeared, but no dorsal spines are indicated in the figures. 
Kroyer'sf figures of the embryo, apparently at nearly the same stage 
of development, represent some of the aj)peudage8 very different. 
The anterior cephalothoracic legs are represented as tnily cheliforni, 
the lateral spines upon the segments of the abdomen are mistaken 
for abdominal legs and represented as each composed of two seg- 
ments, while the telson is represented as quite different in form from 
either Rathke's figures or from those of any stage which I have ob- 
served in the American lobster. 

Of all the larval stages of other genera of Crustacea of which I have 
seen figures or descriptions, there are none which are closely allied to 
the early stages of the lobster. Astacus, according to Rathke, leaves 
the Q^g in a form closely resembling the adult, the cephalothoracic 
legs having no exopodal branches and the abdominal legs being 
already developed. Of the early stages of the numerous other genera 
of Astacidea and Thalassinidea scarcely anything is known, but as 
far as is known none of them appear to approach the larva3 of the 
lobster. Most of the species of Crangonidaj and Palajmonida^ — among 
the most typical of macrourans — of which the development is known, 
are hatched from the egg in the zoea stage, in which the five poste- 
rior pairs of cephalothoracic appendages or decapodal legs are wholly 



* Beitrage zur vergleichenden Anatomic und Physiologie, liber die RiickschreitcDde 
Metamorphose der Theire, Danzig, 1842, p. 120, plate ii. 

f Monografisk Fremstilling af Sla?gten Hippolyte's nordiske Arter, med Bidrag til 
Dekapodemes Udviklingshistoric (Kongl. Danske Yidensk. Selsk. naturvid. og mathem. 
Afhandlinger, ix Deel), Kjobenhaven, 1842, p. 251, plate vi. 
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wanting, as are also the abdominal legs, while the two anterior pairs 
of maxillipeds, or all of them, are developed into locomotive or- 
gans.* In no period of their development do they have all the deca- 
podal legs furnished with natatory exopodal branches. There are 
undoubtedly larval forms closely allied to those of Homarus in 
some of the groups of macrourans, although they appear to be as yet 
unknown. 

Notwithstanding these larval forms of the lobster seen to have no 
close affinities with the known larvge of other genera of macrourans, 
they do show in many characters a very remarkable and interesting 
approach to the adult Schizopoda, particularly to the Mysidae. This 
appears to me to furnish additional evidence that the Schizopods are 
only degraded macrourans much more closely allied to the Sergestidae 
than to the Squilloidea. 



♦ The following short description of the joung of Pakemonetes vulgaris (the common 
prawn or transparent shrimp of the southern coast of New England) soon after hatck- 
ing and when about S"*"* long, will serve as an example of a common form of the 
early stage of the larva) in these families : The cephalothorax is short and broad with 
a slender spiniform rostrum in front, an enormous compound eye each side at the an- 
terior margin, and a small simple eye in the middle of the carapaz. The antennulte 
are quite rudimentary, being short and thick appendages projecting a little way in 
front of the head ; the peduncle bears at its extremity a very short obtuse segment 
representing the primary flagellum, and inside, at the base of this, a much longer 
plumose seta. The antennae are slightly longer than the antennulee ; the short pedun- 
cle bears a stout appendage, corresponding to the antennal scale, the terminal portion 
of which is articulated and furnished with long plumose setse, and on the inside at the 
base of the scale, a slender process corresponding to the flagellum, terminated by a 
long plumose seta. The first and second pairs of maxillse are well formed and ap- 
proach those of the adult. The three pairs of maxillipeds are all developed into 
powerful locomotive appendages ; the inner branches, or endognathi, being slender 
pediform appendages terminated by long spines, while the outer branches, or exognathi, 
are long swimming appendages like the swimming branches of the legs of the young 
lobsters in the first stage. Both branches of the first maxillipeds are considerably 
shorter than those of the following pairs, but otherwise like them, and the inner 
brancli of the second pair is somewhat shorter than that of tlie third, but its outer 
branch is about as long as that of the third pair. The five pairs of cephalothoracic 
legs are wanting, or only represented by a cluster of minute sack-like processes just 
behind the outer maxillipeds. The abdomen is long and slender, wholly without ap- 
pendages beneath, and the last segment is expanded into a short and very broad 
caudal lamina, the posterior margin of which is truncate with the lateral angles 
rounded ; these angles each bear three, and the posterior margin itself eight more 
stout plumose setae, the setse of the posterior margin being longer than those upon the 
angles, and separated by broader spaces in which the margin is armed with numerous 
very small setae. They arrive at the adult form before they are more than 6°"" long. 
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The following meAsureinents of single specimens of the different 
stages of the larvie, of the earliest stage of the adult form, and of two 
small specimens of different sizes of the adult, illustrate better than 
the descriptions and figures the relative increase in size in the whole 
animal and in some of the parts. The length of the rostrum is taken 
from the posterior margin of the orbit, the lengths of the external 
maxilliped and the cephalothoracic legs from the base of the epipodus 
or epignathus to the extremity of the daetylus, and the length of the 
propodus and daetylus includes in each case the terminal styliform 
portion. 

First Second Third Earliest Small Small 
larval larval larval form of adult, adult, 
staKe. Btage. sta^. adult, female, male. 

Length from tip of rostrum to end of telson, 79""" 10-6'""' 130""" 14*0™" 80""™ 132 

" of carapax to tip of rostrum, 3*r> 5*1 6*6 68 36'6 61* 

" " rostrimi, 1*7 25 30 2*7 9*5 16-0 

Breadth of carapax, 16 22 27 24 16*4 262 

Length of antennula, 10 1*2 1-6 29 24- 38* 

" •* inner flagellum of antennula,. 0*0 43 66 1*6 180 28- 

" " outer " " " 00 -62 88 17 165 26- 

" " flagellum of antenna, -66 1*05 180 73 76* 120- 

** " antennal scale 1*00 1-25 140 1*2 50 81 

" " external maxilliped, 27 33 36 41 23-6 34 

" *' first cephalothoracic leg, right, 25 3 3 46 90 58- 102- 

" " its propodus, a 1-4 20 42 336 02-4 

" " daetylus, -7 -8 -9 2-0 171 342 

Breadth of propodus, -4 5 -7 1*0 13-0 19-4 

Length of first cephalothoracic leg, left, . . 2*5 3 3 46 90 60- 99* 

*' " its propodus, 8 14 20 43 350 560 

" " daetylus, 7 -8 9 20 192 27*9 

Breadth of propodus, 4 -5 -7 1*0 107 24 8 

Length of second cophalotlioracic leg, 2 5 2-9 3*7 6*2 38* 61* 

" " its menis, -45 66 100 2*1 14*0 21*8 

" carpus, -25 -36 45 8 56 93 

" " propodus, -70 86 117 1*8 120 185 

" " daetylus, -72 66 60 -8 49 90 

*' " third cephalothoracic leg, 2*5 2*9 3'6 6*0 37- GO* 

" " fourtli '' " 2-4 2-8 36 6-0 38- 61* 

" *• fifth " " 2-3 2-8 3 7 5*7 35* 55- 

" " its merus, -38 54 75 16 93 145 

" " carpus, -28 35 38 7 4*2 72 

" " propodus, -50 -62 -75 1-6 9*1 142 

*' '* daetylus, -75 -82 80 8 48 7*1 

'* " abdomen, 44 6-4 64 72 44- 70* 

" " telson, 1*7 20 2*2 20 10*3 17*0 

Breadth of telson at base, -6 -9 10 1*4 9*7 16*2 

" " " across its extremity, _. _ 21 2*2 2*2 15 65 11*6 

Length of appendage of third segment, . _ -90 1*5 2*2 11*2 17* 

" '' its lamellae, 00 52 1*0 1*3 6*5 10* 
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EXPLANATION OF PLATES. 

Plate XIV. 

Figure A. — Lateral view of the larva, in the first stage, enlarged 1 diametcrH. 

Figure B. — The same in a dorsal view, the abdomen held horizontally. 

Figure C. — Antennula, enlarged 20 diameters. 

Figure 2>. — One of the cephalothoracic legs of the second pair, enlarged 20 diameters ; 
a, exopodus; &, epipodus; c, branchial appendages. 

Figure E. — Lateral view of the larva in the third stage, enlarged 8 diameters. 

Figure F. — Terminal portion of the abdomen seen from above, enlarged 1 5 diameters ; 
a, one of the small spines of the {>osterior margin of the terminal seg- 
ment, enlarged 75 diameters. 

Figure G, — Basal portion of one of the cephalothoracic legs of the second pair, show- 
ing the epipodus and branchial appendages, enlarged 20 diameters. 

Plate XV. 

Figure 1. — Rostrum seen from above, first stage, enlarged 10 diameters. 

Figure 2. — Same, second stage, enlarged 10 diameters. 

Figure 3. — Same, third stage, enlarged 10 diameters. 

Figure 4. — Same, earliest condition of the adult form, enlarged 10 diameters. 4a, tip, 
enlarged 25 diameters ; 46, one of the marginal setae, enlarged 50 diameters. 

Figure 5. — Outline of another specimen of the same with the marginal seteei omitted, 
enlarged 10 diameters. 

Figure 6. — Antennula of the right side seen from above, first stage, enlarged 30 diam- 
eters. 

Fig^e 7. — Same, from another specimen, at a little later period in the development, 
showing the antennula of the next stage formed within the integument, 
enlarged 30 diameters. 

Figure 8. — Same, second stage, enlarged 20 diameters. 

Figure 9. — Same, third stage, enlarged 20 diameters. 

Figure 10. — Same, in the earliest condition of the adult form (when about 16""" in 
length), enlarged 20 diameters. 

Figure 11. — Antenna of the right side seen from above, first stage, enlarged 30 diam- 
eters. 11a, portion from near the middle of one of the plumose hairs 
from the edge of the scale, enlarged 100 diameters. 

Figure 12. — Same, in the earliest condition of the adult form, enlarged 10 diameters. 

Figure 13. — Mandibles in place as seen from beneath, first stage, enlarged 25 diameters. 

Figure 14. — Mandibles of the left side, seen from beneath in a little different position 
from the last figure, enlarged 40 diameters; a, lamelliform process of the 
coronal margin ; &, molar-like area. 

Figure 15. — Mandibles in place as seen from beneath, third stage, enlarged 25 diam- 
eters. 15a, outline of the edges of the lamelliform processes of the 
coronal margins in the same position, enlarged 100 diameters. 

Figure 16. — Entire coronal margins of the same mandibles seen in a little different 
position, enlarged 40 diameters. 

Figure 17. — Left mandible, of the same stag*', seen from the inside so as to show the 
crown, enlarged 40 diameters ; a, recurved portion of the margin ; ft, 
molar-like area. 

TRAN& CJONNECTICUT ACADEMY, VoL II. 32 DEC, 1873. 
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Figure 1 8. — Riglit mandible of tlic same specimen and seen in the Haroe position. 
Figure 19. — Outline of the mandibles in place as seen from beneatli, from the earliest 

condition of the adult, enlarged 25 diameters. 
Figure 20. — Left mandible of the same specimen, seen from the inside, enlarged 40 

diameters. 

Plate XVI. 

Figure 1. — First maxilla of the right side seen from beneath, first stage, enlarged 40 
diameters ; a, 6, lobes of the endognathus ; c, exognathus. la, tip of 
the exognathus, enlarged 100 diameters. 

Figure 2. — Tip of the exognathus of the first maxilla of the right side, third stage, 
enlarged 100 diameters. 

Figure 3. — First maxilla of the right side, earliest condition of the adult form, enlarged 
20 diameters \ a^h^ c, refer to the same parts as in figure 1. 

Figure 4. — Second maxilla of the right side seen from beneath, first stage, enlarged 
40 diameters; a, lobes of the endognatlius ; 6, exognathus; c, epigna^ 
thus. 4a, tip of the exognathus, enlarged 100 diameters. 

Figtire 5. — Second maxilla of the right side, earliest condition of the adult, enlarged 
20 diameters ; a, 6, c, refer to the same parts as in figtire 4. 

Figure 6. — First maxilliped of the right side seen from beneath, first stage, enlarged 
40 diameters ; a, endognathus ; 5, mesognathus ; c, exognathus ; (2, epig- 
nathus. 6a, tip of mesognathus, enlarged 100 diameters. 6&, one of the 
plumose setae from the margin of the exognathus, enlarged 200 diameters. 

Figure 7.— First maxilliped of the right side, third stage, enlarged 40 diameters ; a, 6, 
c, (i, refer to the same parts as in figure 6. 7a, tip of the mesognathus, 
enlarged 100 diameters. 

Figure 8. — First maxilliped of the right side, earliest condition of the adult, enlarged 
40 diameters; a, 6, c, d, refer to the same parts as in figures 6 and 7. 

Figure 9. — Second maxilliped, first stage, enlarged 40 diameters ; a, exogfnathus ; 6, 
epignathus. 

Figure 10. — Epignathus of the second maxilliped, second stage, enlarged 40 diameters ; 
r, rudimentary branchial appendage. 

Figure 11. — Same parts in the third stage, enlarged 40 diameters. 

Figure 12. — Second maxilliped of the right side, earliest condition of the adult, 
' enlarged 20 diameters; a, exognathus; ft, epignathus; c, rudimentary 
branchial appendages. 

Figure J 3. — Third (external) maxilliped of the right side, first stage, enlarged 25 diam- 
eters; a, exognathus; 6, epignathus; c, rudimentary branchial append- 
ages. 

Figure 14. — Same maxilliped, earliest condition of the adult, enlarged 10 diameters. 

Plate XVII. 

Figure 1. — Base of one of the legs of the second pair, first stage, enlarged 20 diam- 
eters; 6, epipodus; c, rudimentary branchial appendages, la, extremity 
of the same leg. enlarged the same amount. 

Figure 2. — One of the legs of the second pair, second stage, enlarged 20 diameters ; 
a, exopodus ; 6, epipodus ; c, branchial appendages. 2a, one of the plu- 
mose setae from terminal portion of the exopodus, enlarged 100 diameters. 



S. L Smith — Early Stages of the American Lobster. 381 

Figure 3. — One of the legs of the second pair, third stage, enlarged 20 diameters. 

Figure 4. — Base of one of the legs of the second pair, earliest condition of the adult, 
enlarged 20 diameters ; a, &, c, refer to the same parts as in flgure 2. 4a, 
terminal portion of the same leg, enlarged the same amount. 

Figure 5. — One of tlie posterior ccphalotlioracic legs, second stage, enlarged 20 diam- 
eters ; a, exopodus ; c, branchial appendage ; 5a, terminal portion of the 
same leg, enlarged 40 diameters. 

Figure 6. — Terminal portion of same leg, first stage, enlarged 40 diameters. 

Figure 7. — Same, third stage, enlarged 40 diameters. 

Figure 8. — Same, earliest condition of the adult, enlarged 20 diameters. 

Figure 9.— Terminal portion of tlie anterior cephalothoracic leg of the riglit side, first 
stage, enlarged 40 diameters. 

Figure 10. — Same, second stage, enlarged 20 diameters. 

Figure 11. — Same, third stage, enlarged 20 diameters. 

Fig^irc 12. — Same, earliest condition of the adult form, enlarged 10 diameters. 

Plate XVIII. 

Figure 1 . — Extremity of the abdomen seen from above, first stage, enlarged 20 diam- 
eters, la, portion of one of the angles enlarged 40 diameters, showing 
tlie plumose marginal setfe. 

Figure 2. — Same, second stage, enlarged 20 diameters. 

Figure 3. — Right side of the same, third stage, showing the appendages of the penulti- 
mate segment, enlarged 20 diameters ; 3a, marginal setee of one of the 
' appendages of the penultimate segment, enlarged 60 diameters. 

Figure 4. — Terminal segment of the abdomen and appendages of the penultimate seg- 
ment on one side, earliest condition of the adult form, enlarged 20 diam- 
eters. 

Figure 5. — One of the appendages of the third segment of the abdomen, second stage, 
enlarged 30 diameters. 

Figure G. — Same, third stage, enlarged the same amount 6a, one of the rudimentary 
marginal seUe, enlarged 100 diameters. 

Figure 7. — Same, earliest condition of the adult form, enlarged 20 diameters. 7a, one 
of the marginal setie enlarged 100 diameters. 

Fig^ire 8. — Lateral view of tlie fourth segment of tlie abdomen, showing the dorsal 
and lateral spines, first stage, enlarged 20 diameters. 

Figure 9. — Diag^m of a section of the same segment seen from behind, enlarge 30 
diameters. 

Fig^iro 10. — Lateral view of the middle portion of the abdomen, earliest condition of 
the adult form, enlarged 8 diameters. 



XIV. A Method of (-JKOMETRirAL Ueprksentatiox of the 
Thermodynamic Properties <^f Substances by means of Sur- 
faces. J^Y J. WiLLARD GlHBS. 

The loading theniKMlynjiniic properties of a fluid are determined 
by the relations wliieli exist between tlie volume, pressure, tempera- 
ture, energy, and entropy of a given mass of the fluid in a state of 
tliennoilynamic equilibrium. The same is true of a solid in regard to 
tliose properties wliicli it exhibits in processes in which the pres- 
sure is the same in every direction about any ^K)int of the solid. 
Hut all tlie relations existing between these five quantities for any 
substance (three independent relations) may be deduced from the 
single relation existing for that substance between the volume, energy, 
and entropy. This may be done by means of the general equation, 

de 1= t dtf — pdv^ (1 )* 

that is, '* = -©,/ ^'') 

(3) 



" (^////i;' 



where v, /), t^ f, and /; denote sevenilly the volume, pressure, absolute 
temj)crature, energy, and entroj>y of the body considered. The sul)- 
script letter after tlie difterential coefticient indicates the quantity 
which is suppose*! constant in the differentiation. 

Rejtre.^nitfitioH of Vohune^ Entropy^ Energy^ Pressure^ and Tem- 
per' itu re. 

Now the relation between the volume, entropy, and energy may 
be rei>resented by a surface, most simply if the rectangular co-ordin- 
ates of the various points of the surface are made equal to the vol- 
ume, entroi»y, and energy of the body in its various states. It may 
be interesting to examine the ])r()i)erties of such a surface, which we 
will call the thermodynamic surface of the bo<ly for which it is 
formed, t 



* For the demonptrntion of this equation, and in roj^ard to the units used in the 
iiieasnroment of tlic (iuantitie», the reader ia referred to page 310 of this volume. 

\ ProfoPRor J. Tliomson has proposed and used a surface in which tlie co-ordinates 
are i>roportional to th(^ vohnne, pressure, and temperature of the body. (Proc. Roy. 
Soc. Nov. ir,. 1871. vol. XX. p. 1; and Phil. Mag., vol. xliii, p. 227). It is evident, 
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To fix our ideas, let tlie axes of v, //, and e have the directions usu- 
ally given to the axes of X, Y, and Z (v increasing to the right, // 
forward, and e upward). Then the pressure and temperature of the 
state represented by any point of the surface are equal to tlie tan- 
gents of the inclinations of the surftice to the horizon at that point, as 
measured in planes perpendicular to the axes of // and of v resiK»ct- 
ively. (Eqs. 2 and 3). It must be observed, however, that in the 
first case the angle of inclination is measured upward from tlie direc- 
tion of decreiuing v, an<l in the second, upward from the direction of 
increasing //. Hence, the tangent })lane at any point indicates the 
temperature and pressure of the state represented. It will be conve- 
nient to speak of a plane as re])resenting a certain pressure and tem- 
perature, when the tangents of its inclinations to the horizon, mesis- 
ured as above, are equal to that pressure and temperature. 

Before proceeding farther, it may be worth while to distinguish 
between what is essential and what is arbitrary in a suiface thus 
formed. The position of the plane ?)=0 in the surface is evidently 
fixed, but the position of the planes 7/z=0, f=:0 is arbitrary, provided 
the direction of the axes of /; and e be not altered. This results from 
the nature of the definitions of entropy and energy, which involve 
each an arbitrary constant. As we may make 7/=0 and f=0 for any 
state of the body which we may choose, we may place the origin of 
co-ordinates at any point in the plane «=:0. Again, it is evident from 
the form of equation (1) that whatever changes we may make in the 
units in which volume, entropy, and energy are measured, it will 
always be possible to make such changes in the units of temperature 
and pressure, that the equation will hold true in its present form, 
without the introduction of constants. It is easy to see how a change 
of the units of volume, entropy, and energy would affect the surface. 
The projections parallel to any one of the axes of distances between 
points of the surface would be changed in the ratio inverse to that in 
which the corresponding unit had been changed. These considera- 
tions enable us to foresee to a certain extent the nature of the gene- 
ral properties of the surface which we are to investigate. They must 
be such, namely, as shall not be affected by any of the changes men- 
tioned above. For example, we may find properties which concern 



however, that the relation between the volume, pressure, and temperature affords a 
less complete knowledge of the properties of tlie body than the relation between the 
volume, entropy, and energy. For, while the former relation is entirely determined by 
the latter, and can be derived from it by differentiation, the latter relation is by no 
means determined by the former. 
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the plane v=iO (a8 that the whole surface must necessarily £all on the 
positive p'kIo of thi« plane), but we must not ex|>ect to find properties 
wliich concern tlie planes /;=:0, or £=0, in distinction from others 
parallel to them. It may l>e adde<l that, as the volume, entropy, and 
energy of a hmly are equal to the sums of the volumes, entropies, and 
energies of its ]iarts, if the surface shouhl be constructed for bodies 
iliffering in quantity but not in kind of matter, the different surfaces 
thus formed would 1>e similar to one another, their linear dimensions 
being pro|>ortional to the quantities of matter. 

Nature of that Part of the Surface which represents States tchich are 

not lIoNiogeneoits, 

This mode of representation of the volume, entropy, energy, pres- 
sure, and lemjKjrature of a body will apply as well to the case in 
which different portions of the body are in different states (supposing 
always that the whole is in a state of thermodynamic equilibrium;, as 
to that in which the body is uniform in state throughout. For the 
body taken as a whole has a definite volume, entropy, and energy, as 
well as pressure and temperature, and the validity of the general 
equation (1) is independent of the unifonnity or diversity in respect 
to state of the different portions of the body.* It is evident, there- 
fore, that the thermodynamic surface, for many substances at least. 



* It 18, however, supposed in this equation that the variations in the state of the 
body, to which dr, d^, and dt refer, are such as may be produced reversibiy by expan- 
sion and compression or by addition and subtraction of heat. Hence, when the body 
consists of parts in different states, it is necessary t}iat these states should be such as 
can pass citiier into the other without sensible change of pressure or temperature. 
Otherwise, it would Ikj necessary to suppose in the differential equation (1) that the 
proportion in which the body is divided into the different states remains constant. 
But such a limitation would render the equation as applied to a compound of differ- 
ent states valueless for our present purpose. If, however, wo leave out of account 
the cases in which wo regard the states as chemically different from one another, 
which lie beyond the scope of this paper, experience justifies us in assuming the above 
condition (that either of the two states existing in contact can pass into the other with- 
out sensible change of the pressure or temperature), as at least approximately true, 
when one of the states is fluid. But if botli are solid, the necessary mobility of the 
parts is wanting. It must therefore be understood, that the following discussion of 
the compound states is not intended to apply without limitation to the exceptional 
cases, whcR' we have two different solid states of the same substance at the same pres- 
sure and temperature. It may be added that the thermodynamic equilibrium which 
Hubsists l)ctween two such solid states of the same substance differs from that which 
subsists when one of the states is fluid, very much as in statics an equilibrium which 
is Hiaintained by friction differs from that of a frictionless machine in which the 
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can be divided into two parts, of which one represents the homoge- 
neous states, the other those whicli are not so. We shall see that, 
when the former part of the surface is given, the latter can readily be 
formed, as indeed we might expect. We may therefore call the for- 
mer part the primitive surface, and the latter the derived surface. 

To ascertain the nature of the derive<l surface and its relations to 
the primitive surface sufficiently to construct it when the latter is 
given, it is only necessary to use the principle that the volume, 
entropy, and energy of the whole body are equal to the sums of the 
volumes, entropies, and energies resi)ectively of the parts, while the 
pressure and temperature of the whole are the same as those of each 
of the i»arts. Let us commence with the case in which the body is in 
part solid, in part liquid, and in part vapor. The position of the 
point determined by the volume, entropy, and energy of such a com- 
pound will be that of the center of gravity of masses j)roportioned 
to the masses of solid, liquid, an<l vapor i)laced at the three points of 
the primitive surface which represent respectively the states of com- 
plete solidity, complete liquidity, and complete vaporization, each at 
the temperature and pressure of the compound. Hence, the part of 
the surface which represents a compound of solid, liquid, and vapor is 
a plane triangle, having its vertices at the points mentioned. The 
fact that the surface is here plane indicates that the pressure and tem- 
perature are here constant, the inclination of the plane indicating the 
value of these quantities. Moreover, as these values are the same for 
the compound as for the three different homogeneous states corres- 
ponding to its different portions, the plane of the triangle is tangent 
at each of its vertices to the primitive surface, viz : at one vertex to 
that part of the primitive surface which represents solid, at another 
to the part representing liquid, an<l at the third to the part represent- 
ing vapor. 

When the body consists of a compound of two different homogene- 
ous states, the point which represents the compound state will be at 



active forces are so balanced, that the sHghtest change of force will produce motion 
in cither direction. 

Another limitation is rendered nccessarj by tlie fact that in the following discus- 
sion the magnitude and form of the l)ounding and dividing surfaces are left out of 
account ; so that the results are in general strictly valid only in cases in which the 
influence of these particulars may be neglected. When, therefore, two states of the 
substance are spoken of as in contact, it must be understood that the surface dividing 
tliem is plane. To consider the subject in a more general form, it would be necessary 
to introduce considerations which belong to the theories of capillarity and crystalliza- 
tion. 
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the center of gravity of masses proportioned to the masses of the 
parts of the Vio<ly in the two different states and placed at the points 
of the primitive surface which represent these two states (L e., which 
represent the volume, entropy, and energy of the body, if its whole 
mass were supposed successively in the two homogeneous states which 
occur in its parts). It will therefore be found upon the straight line 
which unites these two points. As the pressure and temperature are 
evidently constant for this line, a single plane can be tangent to the 
derived surface throughout this line and at each end of the line tan- 
gent to the primitive surface.* If we now imagine the temperature 



* It is here shown that, if two different states of the substance are such that thej 
can exist permanently in contact with each other, the points representing these states 
in the thermodjoiamic surface liave a common tangent plane. We shall see hereafter 
that the converse of this is true, — that, if two points in the thermodynamic sur&ce 
have a common tangent plane, the states represented are such as can permanentlj 
exist in contact ; and we shall also see what determines the direction of the discon- 
tinuous change which occurs when two different states of the same pressure and tem- 
perature, for which the condition of a common tangent plane is not satisfied, are 
brought into contact. 

It is easy to express this condition analytically. Resolving it into the conditions, 
that the tangent planes shall be parallel, and that they shall cut the axis of e at the 
same point, we have the equations 

1>'=K, (o) 

f= r. (P) 

e'- fjf 4- p'v'= e''- rn'' 4- ^ V, (y) 

where the letters which refer to the different states are distinguished by accents. If 
there are three states which can exist in contact, we must have for these states, 

fr= r= r'. 

These results are interesting, as they show us how we might foresee whether two 
given states of a substance of the same pressure and temperature, can or cannot exist 
in contact. It is indeed true, that the values of e and 7 cannot like those of v, j9, and 
t be ascertained by mere measurements upon the substance while in the two states in 
question. It is necessary, in order to find the value of e''— t' or if'— rf^ to carry out 
measurements upon a process by which the substance is brought from one state to the 
other, hut this need not be by a process in which the two given states shaU he found in con- 
tact, and in some cases at least it may be done by processes in which the body remains 
always homogeneous in state. For we know b}' the experiments of Dr. Andrews 
(Phil. Trans., vol. 159, p. 575), that carbonic acid may be carried from any of the 
states which we usually call liquid to any of those which we usually call gas, without 
losing its homogeneity. Now, if we had so carried it from a state of liquidity to a 
state of gas of the same pressure and temperature, making the proper measurements 
in the process, wo should be able to foretell what would occur if these two states of 
the substance should be brought together, — whether evaporation would take place, or 
condensation, or whether they would remain unchanged in contact, — although we had 
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and pressure of the compound to vary, the two points of tlie primi- 
tive surface, the line in the derived surface unitin^^ them, and the tan- 
gent plane will change their positions, maintaining the aforesaid rela- 
tions. We may conceive of the motion of the tangent plane as pro- 
duced by rolling upon the primitive surface, while tangent to it in 
two points, and as it is also tangent to the derived surface in the lines 
joining these points, it is evident that the latter is a developable and 
forms a part of the envelop of the successive positions of the rolling 
plane. We shall see hereafter that the form of the primitive sur- 
face is such that the double tangent plane does not cut it, so that this 
rolling is physically possible. 

From these relations may be deduced by simple geometrical consid- 
erations, one of the principal propositions in regard to such com- 
pounds. Let the tangent plane touch the primitive surface at the 
two points L and V (fig. 1), which, to fix our ideas, we may suppose 
to represent liquid and vapor; let planes pass through these points 
perpendicular to the axes of v and rj respect- -. . 

ively, intersecting in the line AB, which will be 
parallel to the axis of e. Let the tangent plane 
cut this line at A, and let LB and VC be drawn 
at right angles to AB and parallel to the axes of 
7/ and V, Now the pressure and temperature 
represented by the tangent plane are evidently 

p^ and .^Y respectively, and if we suppose the 

never seen the phenomenon of the coexistence of these two states, or of any other two 
states of this substance. 

Equation (y) may be put in a form in which its validity is at once manifest for two 
states which can pass either into the other at a constant pressure and temperature. 
If we put p' and f for the equivalent p" and f% the equation may be written 

e''- e'= f {rf'- rf)- p' (v"- v'\ 
Here the left hand member of the equation represents the difference of energy in the 
two states, and the two terms on the right represent severally the heat received and 
the work done when the body passes from one state to the other. The equation may 
also be derived at once from the general equation (1) by integration. 

It is well known that when the two states being both fluid meet in a curved surface, 

instead of (a) we have p"— p'— ^ ( — + ->)» 

where r and r' are the radii of the principal curvatures of the surface of contact at any 
point (positive, if the concavity is toward the mass to which p" refers), and T is what 
is called the superficial tension. Equation (/?), however, holds good for such cases, and 
it might easily be proved that the same is tnie of equation (>). In other words, the 
tangent planes for the points in the thermodynamic surface representing the two states 
cut the plane t;=0 in the same line. 
Tbans. Connecticut Academt, Vol II. 33 Dec, 1873. 
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taiijjjoiit plane in rolling upon the primitive aiirfaee to turn about its 
iuMtantaneouB axis LV an infinitely small angle, so as to meet AB in 

A', dp and dt will be equal to t-^ and j^^" ^'^^P^'^^'^^^'^^y* Therefore, 



dp _\\l. _ v'zzJI 
dt ~ CV ~ y"- V' ' 

where w' and //' denote the volume and entropy for the point L, and 
o" and tf those for tlie point V. If we substitute for ff* — tf its 

equivalent - (r denoting the heat of vaporization), we have the equa- 

tion in its usual form, ,— = -7-77 -jr, 

dt t (w — v) 

Properties of the Surface relating to Stability of Thermodynamic 

HJquilibrium, 

We will now turn our attention to the geometrical properties of 
the surface, which indicate whether the thermodynamic equilibrium 
of the body is stable, unstable, or neutral. This will involve the con- 
sideration, to a certain extent, of the nature of the processes which 
take place when equilibrium does not subsist. We will suppose the 
body placed in a medium of constant pressure and temperature ; but 
as, when the pressure or temperature of the body at its surface dif- 
fers from that of the medium, the immediate contact of the two is 
hardly consistent with the continuance of the initial pressure and 
temperature of the medium, both of which we desire to suppose con- 
stant, we will suppose the body separated from the medium by an 
envelop which will yield to the smallest differences of pressure 
between the two, but which can only yield very gradually, and 
which is aLso a very poor conductor of heat. It will be convenient 
and allowable for the ])urposes of reasoning to limit its properties to 
those mentioned, and to suppose that it does not occupy any space, 
or absorb any heat except what it transmits, i. e., to make its volume 
and its specific heat 0. By the intervention of such an envelop, we 
may suppose the action of the body upon the medium to be so 
retarded as not sensibly to disturb the uniformity of pressure and 
temperature in the latter. 

When the body is not in a state of thermodynamic equilibrium, its 
state is not one of those which are represented by our surface. The 
body, however, as a whole has a certain volume, entropy, and energy, 
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wliich are equal to the suras of the volumes, etc., of its parts.* If, 
then, we suppose points endowed with mass proportional to the 
masses of the various parts of the body, which are in different ther- 
modynamic states, placed in tlie positions determined by tlie states 
and motions of these parts, (i. e., so placed that their co-ordinates are 
equal to the volume, entropy, and energy of tlie whole body supposed 
successively in the same states and endowed with the same velocities 
as the different parts,) the center of gravity of such points thus 
placed will evidently represent by its cf)-ordinates the volume, entropy, 
and energy of the wh<»le body. If all parts of the body are at rest, 
the point representing its volume, entropy, and energy will be the 
center of gravity of a number of points up(m the ])rimitive surface. 
The effect of motion in the parts of the body will be to move the 
corresponding points parallel to the axis of t, a distance equal in 
each case to the vis viva of the whole body, if endowed with the 
velocity of the part represented ; — the center of gravity of points 
thus determined will give the volume, entro])y, and energy of the 
whole body. 

Now let us suppose that the body having the hiitial volume, 
entropy, and energy, //, //', and t\ is placed (enclosed in an envelop as 
aforesaid) in a medium having the constant pressure Pand tempera- 
ture 1\ and by the action of the medium and the interaction of its 
own parts comes to a final state of rest in which its volume, etc., are 
v'\ 7f'\ e" ; — we wish to find a relation between these quantities. If 
we regard, as we may, the medium as a very large body, so that 
imparting heat to it or compressing it within moderate limits will 
have no appreciable effect upon its pressure and temperature, and 
write F', //, and E^ for its volume, entroj^y, and energy, equation (1) 

'"'^•"'"^'^ dE=TdII-PdV, 

which we may integrate regarding P and T as constants, obtaining 

E'^R^Tir'^Tir--PV"+PV\ (a) 

where JE", E'\ etc., refer to the initial and final states of the medium. 
Again, as the sum of the energies of the body and the surrounding 
medium may become less, but cannot become greater (this arises from 
the nature of the envelop supposed), we have 

E"+E" = t'+E'. (b) 

* As the discussion is to apply to cases in which the parts of the body are in 
(sensible) motion, it is necessary to define the sense in whifh the word energy is to bo 
used. Wo will use the word us iiuHadituj the vis viva of sensible motions. 
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Again, as the ruiii of the entropies may increase but cannot diniiuish 

,/"+//" = //'+ ir. (c) 

Lastly, it is evident that 

v''+ F"= v'+ v. {(i) 

These four equations may be arranged with slight changes as follows : 

-^Ji;'+Tir--FV"=:^U'+77r-FV' 

Fi)''+PV''=IV+PV'. 
By addition we have 

6''^Tf/'+Pv"=e'-^T,/-{'Pi)\ (e) 

Now the two members of this equation evidently denote the vertical 
distances of the points (/'", //", t") and (v\ r/\ t') above the plane pass- 
ing through the origin and representing the pressure P and tempera- 
ture T, And the equation expresses that the ultimate distance is less 
or at most equal to the initial. It is evidently immaterial, whether 
the distances be measured vertically or normally, or that the fixed 
plane representing 7-* and 7* should pass through the origin; but dis- 
tances must be considere<l negative when measured from a point 
below the plane. 

It is evident that the sign of inequality holds in (e) if it holds in 
either (/>) or (c), therefore, it holds in (e) if there are any differences 
of pressure or temperature between the different parts of the body 
or between the body and the medium, -or if any part of the body has 
sensible motion. (In the latter case, there would be an increase of 
entropy due to the conversion of this motion into heat). But even if 
the body is initially without sensible motioi» and has throughout the 
same jjressure and temperature as the medium, the sign <^ will still 
hold if different parts of the body are in states represented by points 
in the thermodynamic surface at different distances from the fixed 
plane representing P and T, For it certainly holds if such initial 
circumstances arc followed by differences of pressure or temperature, 
or by sensible velocities. Again, the sign of inequality would neces- 
sarily hold if one part of the body should pass, without producing 
changes of pressure or temperature or sensible velocities, into the 
state of another ])art represent<Kl by a i>oint not at the same distance 
from the fixed ])lane representing 7* and T, But these are the only- 
suppositions possible in the case, unless we su])pose that equilibrium 
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subsists, which would require that the points in question shouhl have 
a common tangent plane (page 380), whereas by supposition the planes 
tangent at the diiferent points arc parallel but not identical. 

The results of the preceding paragraph may be summed up as fol- 
lows : — Unless the body is initially without sensible motion, and its 
state, if homogeneous, is such as is represented by a point in the 
primitive surface where the tangent plane is parallel to tlie fixed plane 
representing P and T, or, if the body is not homogeneous in state, 
unless the points in the primitive surface representing the states of 
its parts have a common tangent plane parallel to the fixed plane 
representing P and T, such changes will ensue that the distance 
of the point representing the volume, entropy, and energy of the 
body from that fixed plane will be diminished (distances being con- 
sidered negative if measured from points beneath the plane). Let 
us apply this result to the question of the stability of the body when 
surrounded, as supposed, by a medium of constant temperature and 
pressure. 

The state of the body in equilibrium will be represented by a point 
in thi' thermodynamic surface, and as the pressure and temperature of 
the body are the same as those of the surrounding medium, we may 
take the tangent plane at that point as the fixed plane representing 
P and 7\ If the body is not homogeneous in state, although in equi- 
librium, we may, for the purposes of this discussion of stability, 
either take a point in the derived surface as representing its state, or 
we may take the points in the primitive surface which represent the 
states of the different parts of the body. These points, as we liave 
seen (page 3 ft (5), have a common tangent plane, wliich is identical with 
the tangent plane for the point in the derived surface. 

Now, if the form of the surface be such that it falls above the tan- 
gent plane except at the single point of contact, the equilibrium is 
necessarily stable ; for if the condition of the body be slightly altered, 
either by imparting sensible motion to any part of the body, or by 
slightly changing the state of any part, or by bringing any small 
part into any other thermodynamic state whatever, or in all of these 
ways, the point representing the volume, entropy, and energy of the 
whole body will then occupy a position a^tove the original tangent 
plane, and the proposition above enunciated shows that processes 
will ensue which will diminish the distance of this point from that 
plane, and that sucli processes cannot cease until the body is brought 
back into its original condition, when they will necessarily cease on 
account of the form supposed of the surface. 
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On the other hand, if the surface have such a form that any part 
of it falls below the fixed tangent plane, the equilibrium will be 
unstable. For it will evidently be possible by a slight change in the 
original condition of the body (that of equilibrium with the surround- 
ing medium and represented by the point or points of contact) to 
bring the point representing the volume, entropy, and energy of the 
body into a position below the fixed tangent plane, in which case we 
see by the above proposition that processes will occur which will 
carry the point still farther from the plane, and that such processes 
cannot cease until all the body has passed into some state entirely 
different from its original state. 

It remains to consider the case in which the surface, although it 
does not anywhere fall below the fixed tangent plane, nevertheless 
meets the plane in more than one point. The equilibrium in tlds 
case, as we might anticipate from its intermediate character between 
the cases already considere<l, is neutral. For if any part of the 
body be changed from its original state into that represented by 
another point in the thermodynamic surface lying in the same tan- 
gent plane, equilibrium will still subsist. For the supposition in 
regard to the form of the surface implies that uniformity in temjiera- 
ture and pressure still subsists, nor can the body have any necessary 
tendency to pass entirely into the second state or to return into the 
original state, for a change of the values of T'and -Pless than any 
assignable quantity would evidently be sufticient to reverse such a 
tendency if any such existed, as either point at will could by such an 
infinitesimal variation of T and F be made the nearer to the plane 
representing J' and P. 

It must be observed that in the case where the thermodynamic 
surface at a certain point is concave upward in both its principal 
curvatures, but somewhere falls below the tangent plane drawn 
through that point, the equilibrium although unstable in regard to 
discontinuous changes of state is stable in regard to continuous 
changes, as appears on restricting the test of stability to the vicinity 
of the point in question ; that is, if we suppose a body to be in a state 
represented by such a i)oint, although the equilibrium would show 
itself unstable if we should introduce into the body a small portion 
of the same substance in one of the states represented by points 
below the tangent plane, yet if the conditions necessary for such a 
discontinuous change are not present, the equilibrium would be sta- 
ble. A familiar example of this is afforded by liquid water when 
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heated at any pressure above the temperature of boiling water at 
that pressure.* 

Leading Features of the Th^miodynamic Surface for Substances 
which take tlie forms of Solidy Liquid and Vapor. 

m 

We are now prepared to form an idea of the general cliaracter of 
the primitive and derived surfaces and their mutual relations for a 
substance which takes the forms of solid, licpiid, and vapor. Tlie prim- 
itive surface will have a triple tangent plane touching it at the three 
points which represent the three states which can exist in contact. 
Except at these three points, the primitive surface falls entirely above 
the tangent plane. That part of the plane which forms a triangle 
having its vertices at the three points of contact, is the derived sur- 
face which represents a compound of the three states of the sub- 
stance. We may now suppose the plane to roll on the under side of 
the surface, continuing to touch it in two points without cutting it. 
This it may do in three ways, viz : it may commence by turning about 
any one of the sides of the triangle aforesaid. Any pair of points 
which the plane touches at once represent states which can exist per- 
manently in contact. In this way six lines are traced upon the sur- 
face. These lines have in general a common property, that a tangent 
plane at any point in them will also touch the surface in another 
point. We must say in getieral^ for, as we shaU see hereafter, this 
statement does not hold good for the critical point. A tangent plane 
at any point of the surface outside of these luies has the surface en- 
tirely above it, except the single point of contact. A tangent plane 
at any point of the primitive surface within these lines will cut the 
surface. These lines, therefore, taken together may be called the 
limit of absolute str/bilitt/, and the surface outside of them, the sur- 
face of absolute stability: That part of the envelop of the rolling 
plane, which lies between the pair of lines which the plane traces on 
the surface, is a part of the derived surface, and represents a mixture 
of two states of the substance. 



* If we wish to expreas in a Hingle equation the necessary and sufficient condition 
of thermodynamic equilibrium for a substance wlien Hurrounded by a medium of con- 
stant pressure P and temperature T, this equation may be written 

rJ (f _ TV/ + 1^) - 0, 

when 6 refers to the variation protluced by any variations in the state of the parts of 
the body, and (when different parts of tlie body are in different states) in the propor- 
tion in which the body is divided between the different states. The condition of stable 
equilibrium is that the value of the expression in the parenthesis shall be a minimum. 
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The relations of these lin<*8 and surfaces are roughly represented in 
horizontal projection* in figure 2, in which the full lines represent 
lines on the primitive surface, and the dott<»d lines those on the 
derived surface. S, L, and V are the points which have a common 
tangent plane and represent the states of solid, liquid, and vapor 

Fig. 2. 
C 




which can exist in contact. The plane triangle SLV is the derived 
surface representing compounds of these states. LL' and W are 
the pair of lines traced by the rolling double tangent plane, between 
which lies the derived surface repn'senting compounds of liquid and 
vapor. W" and SS" are another such pair, between which lies the 
derived surface representing compounds of vapor and solid. SS'" 
and LL'" are the third i)air, between which lies the derived surface 
representing a compound of solid and li^iviid. L"'LL', V'W" and 
S"SS"' are the boundaries of the surfaces which represent resjjectively 
the absolutely 8tal>le states of liquid, va]>or, and solid. 

The geometrical expression of the results which Dr. Andrews 
(Phil Trans., vol. 159, p. 575) lias obtained by liis experiments w4th 
carbonic acid is that, in the case of this substance at least, the derived 
surface which represents a compound of liqui<l and vapor is termina- 
ted as follows : as the tangent plane rolls upon the primitive surface, 
the two points of contact approach one another and finally fjiU 



* A horizontal proje(.'tion of the tliermodynamic surface is identical with the dia- 
gram described on pages 3:{0-3:t8 of this volume, under the name of the volume- 
entropy diagram. 
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together. The rolling of the double tangent plane necessarily comes 
to an end. The point where the two points of contact fall together is 
the critical point, liefore considering farther the geometrical char- 
acteristics of this point and their physical significance, it will be con- 
venient to investigate the nature of the primitive surface which lies 
between the lines which fonn the limit of absolute stability. 

Between two points of the primitive surface which have a common 
tangent plane, as those represented by L' and V in figure 2, if there 
is no gap in the primitive surface, there must evidently be a region 
where the surface is concave toward the tangent plane in one of its 
principal curvatures at least, and therefore represents states of unsta- 
ble equilibrium in respect to continuous as well as discontinuous 
changes (see page .'^92).* If we draw a line upon the primitive sur- 
face, dividing it into parts which represent respectively stable and 
unstable equilibrium, in respect to continuous changes, i. e., dividing 
the surface which is concave upward in both its principal curvatures 
from that which is concave downward in one or both, this line, which 
may be called the limit of essential instability^ must have a form 
somewhat like that represented by U'Cvv'ss' in figure 2. It touches 
the limit of absolute stability at the critical point C. For we may 
take a pair of points in LC and VC having a common tangent plane 
as near to C as we choose, and the line joining them upon the primi- 
tive surface made by a plane section perpendicular to the tangent 
plane, will pass through an area of instability. 

The geometrical properties of the critical point in our surface may 
be made more clear by supposing the lines of curvature drawn upon 
the suiiace for one of the principal curvatures, that one, namely, 
which has diiferent signs upon different sides of the limit of essential 
instability. The lines of curvature which meet this line will in gen 
eral cross it. At any point where they do so, as the sign of their 
curvature changes, they evidently cut a plane tangent to the surface, 
and therefore the surface itself cuts the tangent plane. But where 
one of these lines of curvature toucjies the limit of essential instabil- 
ity without crossing it, so that its curvature remains always positive 
(curvatures being considered positive when the concavity is on the 
upper side of the surface), the surface evidently does not cut the tan- 
gent plane, but has a contact of the third order with it in the section 
of least curvature. The critical point, therefore, must be a point 
_ ____.__...__ _• 

* This is tlie same result as that ohtained by Professor J. Thomaou in wniieetion 
with the surface referred to in tlie note on page 382. 
TRANa Connecticut Aoadeht, Vol. II. 34 Dec, 1873. 
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wluM'e the line of that j)riiieip:il curvature which changes its sign 
is tangent to the line which separates positive from negative curv- 
atures. 

From the last paragraphs we may derive the following physical 
property of the critical state: — Although this is a limiting state 
l)etw<»en those of stability and those of instal)ility in respect to con- 
tinuous changes, and although such limiting states are in general 
unstable in respect to such changes, yet the critical state is stable in 
regard to them. A similar ])ro])osition is true in regard to absolute 
stability, i. e., if we disregard the distinction between continuous and 
discontimious changes, viz: that although the critical state is a limit- 
ing state between those of stability and instability, and although the 
e(|uilibrium of such limiting states is in general neutral (when we sup- 
pose the substance surrounded by a me<lium of constant ]»res8ure and 
temperature), yet the critical point is stable. 

From what has been sai<l of the curvature of the primitive surface 
at the critical point, it is evident, that if we take a ])oint in this sur- 
face infinitely near to the critical ])oint, and such that the tangent 
planes for these two points shall intersect in a line perpendicular to 
the section of least curvature at the critical point, the angle made by 
the two tansyent planes will be an" infinitesimal of the same order as 
the cube of the distance of these points. Ilenci', at the critical point 

(11="' (!).=«' (^11="' (li='> 
©.="' ©!=••' (£1="' ($1=''^ 

and if we imagine the isothermal and isopiestic (line of constant pres- 
sure) drawn for the critical point upon the primitive surface, tliese 
lines will have a contact of the third order. 

Now the elasticity of the substance at constant temperature and 
its specific heat at constant pressure may be defined by the equations. 



''=-"(11 • *='(§)/ 

therefore at the critical point 

(!),=». (*),=»■ (a=": (f),=»- 

The last four equations would also hold good if p were substituted 
for t, and vice versa. 
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We have seen that in the case of such suhstanccs as can pass con- 
tinuously from the state of liquid to that of vapor, unless the }»rimi- 
tive surface is abruptly temiinated and that in a line which passes 
through the critical point, a part of it must represent states which are 
essentially unstable (i. e., unstable in rejjjard to continuous changes,) 
and therefore cannot exist permanently unless in very limite<l spaces. 
It does not necessarily follow that such states cannot be realized at 
all. It apj»ears quite probable, that a substance initially in the criti- 
cal state may be allowed to expand so raj)idly, that, the time being 
too short for appreciable conduction of heat, it will pass into some of 
these states of essential instability. Xo other result is possible on 
the supposition of no transmission <»f heat, whidi requires that the 
points representing the states of all the i)arts of the body shall be 
confined to the isentropic (adiabatic) line of the critical point upcm 
the primitive surface. It will be observed that there is no insta- 
bility in regard to changes of state thus limited, for this line (the 
plane section of the primitive surface perpendicular to the axis of ;/) 
is concave upwai<l, as is evident from the fact that the primitive sur- 
face lies entirely above the tangent plane for the critical point. 

We may suppose waves of compression and expansion to be propa- 
gated in a substance initially in the critical state. The velocity of 

propagation will depend upon the vjilue of ( / ) , i.e., of — (-^ — I . 

Now for a wave of compression the value of these expressions is 
determined by the form of the isentropic on the jmniitive surface. 
If a Wave of expansion has the same vt*locity approximately as one 
of compression, it follows that the substance when expanded under 
the circumstances remains in a state represi'iited by the primitive sur- 
face, which involves the realization of states of essential instability. 

-r-T-| in the derived suiface is, it will be observed. 

totally different from its value in the primitive surface, as the curva- 
ture of these surfaces at the critical point is different. 

Tlie case is different in regard to the part of the surface between 
the limit of absolute stability and the limit of essential instability. 
Here, we have experimental knowledge of some of the states rei»re- 
sented. In water, for example, it is well known that liquid states can 
be realized beyond the limit of absolute stability, — both beyond the 
part of the limit where vaporization usually commences (LL' in figure 
2), and beyond the part where congelation usually commences (LL'"). 
That vapor mny also exist beyond the limit of absolute stability, i. e.. 
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tliat it may exist at a ^iveii tempeniture at pressures greater than 
that of erjiiilibrium Wtweeii tlie va)>or and its liqaid meeting in a 
plane i«iirfaee at that temperature, the considerations adduced by Sir 
\V. ThouLson in his paper ^^ On the equilibrium of a vapor at the 
curved surface of a liquid" (Proc. Roy. Soc. Ed., Session 1869-1870, 
and Phil. Mag., voL xlii, p. 44«), leave no room for doubt. By exper- 
iment8 like that suggesteii by Professor J. Thomson in hb paper 
already referred to, we may V>e able to carry vapors farther beyond 
the limit of absolute stability.* As the resistance to deformation 
characteristic of solids evidently tends to prevent a discontinuous 
change of state from commencing within them, substances can doubt- 
less exist in S4»]id states very far beyond the limit of absolute stability. 
The surface of absolute stability, together with the triangle repre- 
senting a compound of three states, and the three developable sur- 
faces which have been described representing com)Hnmds of two 
states, forms a continuous sheet, which is everywhere concave upward 
except where it is plane, and has only one value of e for any given 
values of v and ;/. Hence, as t is necessarily positive, it has only one 
value of ;/ for any given values of c and t. If vaporization can take 
place at every temperature except 0, /> is everywhere positive, and 
the surface has only one value of v for any given values of ;/ and a. 
It forms the surface of dissipated energy. K we consider all the 
points representing the volume, entropy, and energy of the body in 
every possible state, whether of equilibrium or not, these points will 

* If wo experiment with a fluid which does not wet the vessel which oontainB it, we 
may avoid the necessity of keeping tlie vessel hotter Uian the vapor, in order to pre- 
vent condensation. If a glass bulb with a 8tem of sufficient leng^ be placed vertically 
with the open end of the stem in a cup of mercury, the stem containing nothing but 
mcrcur}' and its vapor, and the bulb nothing but the vapor, the height at which the 
mercury rests in the stem, affords a ready and accurate means of determining the pres- 
sure of the vapor. If the stem at the top of the column of liquid should be made hot- 
ter than the bulb, condensation would take place in the latter, if the liquid were one 
which would wot the bulb. But as this is not tho case, it appears probable, that if 
the oxp<*rinient were conducted with proper precaution:*, there would be no condensa- 
tion within certain limits in regard to the temperatures. If condensation should take 
place, it would \)Q easily observed, especially if the bulb wore bent over, so that the 
mercury condensed could not run back into the stem. So long as condensation does 
not occur, it will be easy to give any desired (different) temperatures to the bulb and 
the top of the column of mercury in tho stem. The temperature of the latter will 
determine the pressure of the vapor in the bulb. In this way, it would appear, we 
may obtain in tho bulb vapor of mercury having pressures greater for the tempera* 
tures tlian those of saturated vapor. 
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form a solid figure unbounded in some directions, but bounded in 
others by tbis surface.* 

The lines traced upon the primitive surface by the rolling double 
tangent plane, which have been called the limit of absolute stability, 
do not end at the vertices of the triangle which represents a mixture 
of those states. For when the plane is tangent to the primitive sur- 
face in these three points, it can commence to roll upon the surface as 
a double tangent plane not only by leaving the surface at one of 
these points, but also by a rotation in the opposite direction. In the 
latter case, how^ever, the lines traced upon the primitive surface by 
the points of contact, although a continuation of the Hues previously 
described, do not form any part of the limit of absolute stability. 
And the parts of the envelops of the rolling plane between these lines, 
although a continuation of the developable surfaces which have been 
described, and rei)resenting states of the body, of wliich some at least 
may be realized, are of minor interest, as they form no part of the 



* This description of the surfar.'e of dissipated energy is intended to apply to a sub- 
stance capable of existing as solid, liquid, and vapor, and which presents no anoma- 
lies in its thermodynamic properties. But, whatever the form of the primitive sur- 
face may be, if we take the parts of it for every point of whicli the tangent plane does 
not cut the primitive surface, together with all the plane and developable derived sur- 
face, which can be formed in a manner analogous to those described in the preceding 
pages, by fixed and rolling tangent planes which do not cut the primitive surface, — 
such surfaces taken together will form a continuous sheet, which, if we reject tlie 
part, if any, for which jw << 0, forms the surface of dissipated energy and has the geo- 
metrical properties mentioned above. 

There will, however, be no such part in which p << 0, if there is any assignable tem- 
perature i' at which the substance has the properties of a perfect gas except when its 
volume is less than a certain quantity i?'. For the equations of an isothermal line in 
the thermodynamic surface of a perfect gas are (see equations (b) and (e) on pages 

321-322 of this volume.) 

e= C 

tf = a\ogv + C. 

The Isothermal of f in the thermodynamic surface of the substance in question must 
therefore have the same equations in the part in which v exceeds the constant t/. 
Now if at any point in this surface i> •< and ^ >• the equation of the tangent plane 
for tliat point will be 

c = ?/i 7 + n t; + C\ 

where m denotes the temperature and — n the pressure for the point of contact, so that 
m and n are both positive. Now it is evidently possible to give so large a value to v 
in the equations of the isothermal that the point thus determined shall fall below the 
tangent plane. Therefore, the tangent plane cuts the primitive surface, and the point 
of the thermodynamic surface for which i> < cannot belong to tlie surfaces men- 
tioned in the last paragraph as forming a continuous sheet. 
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surface of dissipated energy on the one hand, nor have the theoreti- 
cal interest of the primitive surface on the other. 

Problems relating to the Surfa>ce of Dissipated Energy, 

Tlie surface of dissipated energy has an important application to a 
certain class of problems which refer to the results which are theo- 
retically possible with a given body or system of bodies in a given 
initial condition. 

For example, let it be required to find the greatest amount of 
mechanical work which can be obtained from a given quantity of a 
certain 8ul)stance in a given initial state, without increasing its total 
volume or allowing heat to pass to or from external bodies, except 
such as at the close of the processes are left in their initial condition. 
This has been called the available efiergy of the body. The initial 
state of the body is supi)08ed to be such that the body can be made 
to pass from it to states of dissipated energy by reversible processes. 

If the body is in a state represented by any point of the surface of 
dissipated energy, of course no work can be obtained from it under 
the given conditions. But even if the body is in a state of thermody- 
namic equilibrium, and therefore in one represented by a point in the 
thermodynamic surface, if this point is not in tlie surface of dissipated 
energy, because the equilibrium of the body is unstable in regard to 
discontinuous changes, a certain amount of energy will be available 
under the conditions for the production of work. Or, if the body is 
solid, even if it is uniform in state throughout, its pressure (or ten- 
sion) may have <lifferent values in different directions, and in this way 
it may have a certain available energy. Or, if different })arts of the 
body are in different states, this will in general be a source of availa- 
ble energy. Lastly, we need not exclude the case in which the body 
has sensible motion and its vis viva constitutes available energy. In 
any case, we must find the initial volume, entropy, and energy of the 
body, which will be equal to the sums of the initial volumes, entro- 
pies, and energies of its parts. ('Energy' is here used to include the 
vis viva of sensible motions). Those values of v, //, and e w\\\ deter- 
mine the position of a certain point which we will speak of as repre- 
senting the hiitial state. 

Now the condition that no heat shall be allowed to pass to exter- 
nal bodies, requires that the final entropy of the body shall not be 
less than the initial, for it could only be made less by violating this 
condition. The problem, therefore, may be reduced to this, — to find 
the amount by which the energy of the body may be diminished 
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without increasing its volume or diminishing its entropy. This 
quantity will be represented geometrically by the distance of the 
point representing the initial state from the surface of dissipated en- 
ergy measured parallel to the itxis of f. 

Let us consider a different problem. A certain initial state of the 
body is given as before. No work is allowed to be done upon or by 
external bodies. Heat is allowed to pass to and from them only on 
condition that the algebraic sum of all heat which thus passes shall 
be 0. From both these conditions any bodies may be excepted, which 
shall be left at the close of the processes in their initial state. More- 
over, it is not allowed to increase the volume of the body. It is 
required to find the greatest amount by which it is possible under 
these conditions to diminisli the entropy of an external system. 
This will be, evidently, the amount by which the entropy of the body 
can be increased without changing the energy of the body or increas- 
ing its volume, which is represented geometrically by the distance of 
the point representing the initial state from the surface of dissipated 
energy, measured parallel to the axis of //. This miglit be called the 
capacity for entropy of the body in the given state.* 

Thirdly. A certain initial condition of the body is given as before. 
No work is allowed to be done upon or by external bodies, nor any 
heat to pass to or from them ; from wliich conditions bodies may be 
excepted, as before, in which no permanent changes are produced. 
It is required to find the amount by which the volume of the body 



* It may be worth while to call attention to the analogy and the difference between 
this problem and the preceding. In the first case, the question is virtually, how g^at 
a weight does the state of the given lK)dy enable us to raise a given distance, no other 
permanent change being produced in external bodies. In the second case, the ques- 
tion is virtually, what amount of heat does the state of the given lx)dy enable us to 
tfike from an external body at a fixed temperature, and impart to another at a higher 
fixed temperature. In order that the numerical values of the available energj- and of 
the capacity for entropy shoidd be identical with the answers to these questions, it 
would be necessary in the first case, if the weight is measured in units of force, that 
the given distance, measured vertically, should be the unit of length, and in the second 
case, that the difference of the reciprocals of the fixed temperatures should be unity. 
If we prefer to take the freezing and boiling points as the fixed temperatures, as 
<4:j — :»4:< = 00<>09i^? the capacity for entropy of the body in any given condition 
would be 0.00098 times the amount of heat which it would enable us to raise from the 
freezing to the boiling point (i. e., to take from a body of which the temperature re- 
mains fixed at the freezing point, and impart to another of which the temi)erature 
remains fixed at the boiling point). 

The relations of these quantities to one another and to the surface of dissipated 
energy are illustrated by figure 3, which represents a plane perpendicular to the axis 
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can bo diminislied, using for that puq)ose, according to the condi- 
tions, only the force derived from tlie body itself. The conditions 



Pig. 3. 
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of V and passing through the point A, which represents the initial state of the body. 
MN is the section of the surface of dissipated 
energy. Qf and Q^ are sections of the planes 
7 = and f =r 0, and therefore parallel to the 
axes of e and v respectively. AD and AE are 
the energy and entropy of the body in its ini- 
tial state, AB and AC, its available energy and 
its capacity for entropy respectively. It will 
be observed that when either the available 
energy or the capacity for entropy of the body 
is 0. the other has the same value. Except in 
this case, either quantity may be varied without 
affecting the other. For, on account of the 
curvature of the surface of dissipated energy, 
it is evidently possible to change the position of 
the point representing the initial state of the 
body so as to vary its distance from the surface 
measured parallel to one axis without varying that measured paraUel to the other. 

As the diflferont senses in whicli the word entropy has been used by different writ- 
ers is liable to cause misunderstanding, it may not be out of place to add a few words 
on the terminology of this subject. If Professor Clausius had defined entropy so that 
its value should be determined by the equation 

7" 
instead of his equation (Mechanische Warmetlieorie, Abhand. ix, § 14; Pogg. Ann., 
July, 1865) ,_, dQ 

where S denotes the entropy and Ttho temperature of a body and dQ the element of 
heat imparted to it, that which is here called rapacity for entropy would naturally be 
called available entropy, a term tlie more convenient on account of its analogy with the 
term availahlt etw.njy. Such a difference in the definition of entropy would involve no 
difference in the form of the thermodynamic surface, nor in any of our geometrical 
constructions, if only we 8upi)oao the direction in which entropy is measured to be 
reversed. It would only make it necessary to substitute — 7 for 17 m our equations^ 
and to make the corresponding cliange in the verbal enunciation of propositions. Pro- 
fessor Tait has proposed to use the word entropy " in the opposite sense to that in 
which (Mausius has employed it," (Thermodynamics, >:$ 48. See also § 178), which 
appears to mean that lie would determine its value by the first of the above equations, 
lie nevertheless appears subsequently to use tlie word to denote available energy 
(g 182, 2d theorem). Professor Maxwell uses the word entropy as synonjrmous with 
available energ>', with the erroneous statement that Clausius uses the word to denote 
the part of the energy which is not available, (Theory of Heat, pp. 186 and 188). The 
term entropy, liowever, as used by Clausius does not denote a quantity of the same 
kind (i. e., one which can be measured by the same unit) as energy, as is evident from 
his equation, cited above, in which Q (heat) denotes a quantity measured by the unit 
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require tliat the energy of the body Hlmll not be altered nor its 
entropy diminished. Hence the quantity sought is represented l)y 
the distance of the j)oint representing the initial state from the sur- 
face of dissipated energy, measured parallel to the axis of volume. 

Fourthly. An initial condition of the body is given as before. Its 
volume is not allowed to be increased. Xo work is allowed to be 
done upon or by external bodies, nor any heat to pass to or from 
them, except a certain body of given constant temperature t\ From 
the latter conditions may be excepted as before bodies in which no 
permanent changes are produced. It is required to find the greatest 
amount of heat which can be imparted to the body of constant tem- 
perature, and also the greatest amount of heat wliich can be taken 
from it, under the supposed conditions. It through the point of the 
initial state a straight line be <lrawn in the j)lane peq)endicular to 
the axis of w, so that the tangent of the angle which it makes with 
the direction of the axis of // shall be equal to the given tempera- 
ture t\ it may easily be shown that the vertical projections of the 
two segments of this line ma<le by the point of the initial state and 
the surface of dissipated energy represent the two (quantities reqiiiri'd.* 

These problems may be modiiie<l so as to make them approach 
more nearly the e<^on(miical pr(»blems which actually present them- 
selves, if we suppose the body to be surrounded by a medium of con- 
stant pressure and temperature, an<l let the body and the medium 
together take the ]>lace of the body in tlu» j)receding problems. The 
results would be as follows: 

If we suppose a plane representing the constant pressure and tem- 
perature of the nu'dium to be tangent to the surface of dissipated 
energy of the Ixxly, the distance of the point representing the initial 
state of the body from this plane measureil parallel t<» the axis of e 
will represent the available energy of the body and medium, the dis- 
tance of the point to the plane measured parallel to the axis of // will 
represent the capacity for entropy of the body and medium, the dis- 
tance of the point to the plane measured parallel to the axis of v will 
represent the magnitude of the greatest vacuum which can be pro- 
duced in the body or medium (all the power used being derived from 



of energy, and as Hie unit in which T (temperature) is measured is arbitrary, S and Q 
are evidently measured by different units. It may be added that entropy as defined 
by Clausius is synonymous with the tliermodynamic function as defined by Hankine. 

♦ Thus, in figure 3, if the straight lino MAN be drawn so that tan NAC = f, MR 
will be the greatest amount of heat which can be given to the body of constant tem- 
perature and NS will Ije the greatest amount which can ))e taken from it. 

Trans. Connectiout Academy, Vol II. 3r> Dec, 1873. 
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the body and medium) ; if a line be drawn through the point in a 
plane perpendicular to the axis of v, the vertical projection of the 
segment of this line made by tlie point and the tangent plane will 
represent the greatest amount of heat which can be given to or taken 
from another body at a constant temperature equal to the tangent of 
the inclination of the line to the horizon. (It represents tlie great- 
est amount whidi can be given to the body of constant temperature, 
if this temperature is greater than that of the medium; in the reverse 
case, it represents the greatest amount which can be \^dthdrawn from 
that body). In all these cases, tlie point of contact between the 
plane and the surface of dissipated energy represents the final state of 
the given body. 

If a plane representing the pressure and temperature of the medium 
be drawn through the point representing any given initial state of 
the body, the part of this plane which falls within the surface of dis- 
sipated energy will represent in respect to volume, entropy, and 
energy all the states into which the body can be brought by reversi- 
ble processes, without producing permanent changes in external 
bodies (except in the medium), and the solid figure included between 
this plane figure and the surface of dissipated energy will represent 
all the states into which the body can be brought by any kind of pro- 
cesses, without producing pennanent changes In extenial bodies 
(except in the medium).* 



* The body under discussion has been supposed throughout this paper to be homo- 
geneous in substance. But if we imagine any material system whatever, and suppose 
the position of a point to be determined for every possible state of the system, by 
making the co-ordinates of the point equal to tlie total volume, entropy, and energy of 
the system, the points thus determined will evidently form a solid figure bounded in 
certain directions by the surface representing the states of dissipated energy. In 
these states, the temperature is necessarily uniform throughout the system ; the pres- 
sure may vary (e. g., in tlie case of a very large mass like a planet), but it will always 
be possible to maintain the equilibrium of the system (in a state of dissipated energy) 
by a uniform normal pressure applied to its surface. This pressure and the uniform 
temperature of the system will be represented by the inclination of the surface of dis- 
sipated energy according to the rule on page 383. And in regard to such problems as 
have been discussed in the last five pages of this paper, this surface will possess, rela- 
tively to the system which it represents, properties entirely similar to those of the sur- 
face of dissipated energy of a homogeneous body. 
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Harttii, 28, 40. 

Zoea echinus, 41. 
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ERRATA. 

Page I, line 13, for " Plordia^" read Florida. 
" 11, " 35, '' " immargination," read emargination. 
" 16, '• 2(>, " '* spistome," read epistome. 
" 31, " 18, " '' Podopthalmia,'' reeA Podophthaimia. 
" 35, " 9, " '' Eucrete,'' read Eucrak. 
" 35, last line but one, for " margin," read margins. 
" 106, line 4, from foot, for " Norton Street," read Blake Street 
" 108, " 11, " " " twenty rods," read twenty-one rods. 

" 118, " 11, for "st^erus," read styliferus. 
" 138, ** 11, " " immarg^nation," read emargination. 
" 139, " 11, " " immarginate," read emarg^nate. 
" 153, first line of foot note, for '* is marked 3," read is marked 3^ 
" 162, above " EuryplaXj^^ insert CARaNOPLAOiDiE. 
" 188, line 8, for "spinosus," read spinosum. 
*• 197, " 31, " "palpaster," readpolpaster. 
" 343, in tiUe of paper, for " 1873," read 1872. 
" 343, under No. 5, for "varible," read variable. 
*• 346, No. 24, line 7, for " Montague," read Montague. 
" 348, No. 44, for " Euteromorpha," read Knteromorpha. 
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